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Most  Readers  will  allow,  that  Ana- 
tomy and  Phyfiology  may  juftly  be  con- 
fidered  as  the  true  bafis  of  Medical  Know- 
ledge ; and  perhaps  no  part  of  them  is 
more  intimately  connedted  with  the  prac- 
tice of  Phyfic,  than  that  which  is  the 
fubjedt  of  the  following  pages.  I hope 
therefore  that  the  importance  of  the  objedt 
of  thefe  enquiries  will  in  fome  degree  juflify 
their  publication,  and  that  the  number  of 
books  that  have  been  already  written  nearly 
cn  the  fame  fubjedt  will  not  be  conftdered 
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as  a fufficient  objection  to  any  further  en- 
quiry, fo  long  as  the  prefent  theory  of  the 
action  of  the  arteries  remains  in  a ftate  of 
fuch  uncertainty  and  imperfection. 

The  following  arguments  would  perhaps 
have  met  with  more  general  approbation,  if 
I had  endeavoured  to  fupport  the  different 
opinions  that  I have  advanced  by  what  are 
commonly  called  matters  of  faCt,  fuch  as 
were  either  deduced  from  experiments,  or 
collected  from  cafes  where  one  certain  me- 
thod of  treatment  has  appeared  more  effica- 
cious than  another.  With  refpeCt  to  experi- 
ments, I think  they  are  fufficiently  numerous 

already,  and  that  more  have  been  made  than 

«•  * 

well  explained.  But  if  the  authority  of  ex-* 
periments  is  thought  neceffary,  thofe  that 
have  been  made  with  the  greateft  accuracy, 
and  faithfully  recorded  by  Haller,  Dr.  Hales, 
and  a few  others,  are  fufficient  to  prove  to  a 
demonflration  every  one  of  the  following  ob- 
fervations  5 and  as  for  a hiftory  of  fuccefsful 
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or  unfuccefsful  cafes,  I muft  agree  with  Mr. 
Pott*  that  they  cannot  be  much  depended 
on  : but  as  the  following  arguments  are  more 
particularly  addrefled  to  the  Faculty,  and  not 
calculated  for  the  general  clafs  of  Readers, 
everyone  that  is  fo  inclined  may  try  their  vali- 
dity by  his  own  pradical  obfervations.  How- 
ever,it  will  be  neceffaryto  confider,ihat  though 
by  one  certain  method  of  treatment  the  patient 
received  evident  relief,  and  even  recovered  from 
his  difeafe,  this  is  no  pofitive  proof  that  if 
fome  other  method  had  been  ufed,  and  that 
omitted,  that  the  treatment  would  not  have 

been 

* Mr.  Pott  (in  the  Preface  to  his  Obfervations  on 
Wounds  on  the  Head)  fays,  “ I could  produce  many 
hiftories  to  confirm  my  afTertions,  if  1 thought  that 
they  would  add  to  their  ufe  or  force,  but  have  fup- 
prefTed  them,  becaufe  they  do  not  appear  to  me  likely 
to  do  either  ; as  the  reader  muft  ftill  depend  upon  my 
veracity,  as  much  in  one  inftance  as  in  the  other:  the 
man  who  is  capable  of  aliening  what  he  knows  to  be 
ialfe,  muft  have  a very  defective  imagination  not  to  be 
able  to  form  cafes  in  its  fupport.” 
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been  more  efficacous.  For  inflance,  fuppofe 
in  cafe  of  apoplexy,  a pound  of  blood  was 
taken  from  the  temporal  artery,  and  the 
patient  recovers,  it  will  be  impoffjble  to  de^ 
termine  that  this  method  was  preferable  to 
every  other,  or  even  that  if  the  patient  had 
been  bled  in  the  arm,  the  advantage  would 
not  have  been  more  confiderable,  and  the 
recovery  more  complete  : or  fuppofe  in  a 
Similar  inflance,  the  temporal  artery  was 
opened,  and  the  patient  died,  we  cannot 
from  the  want  of  fuccefs  determine  what 
might  have  been  the  confequence,  if  a vein 
had  been  opened  infiead  of. an  artery.— -So 
that  it  is  not  poffible  that  the  advocates  for 
the  different  opinions  fhould  ever  with  any 
degree  of  certainty  decide  the  point  in 
queflion  from  -f*  the  evidence  of  a few  cafes  j 
for  though  fads  are  generally  confidered  as 
inconteftible  arguments,  at  the  fame  time  it 
will  be  neceffary  to  remember,  that  by  a miff 

applicatioq 

| Sharp’s  Critical  Enquiry,  p.  255. 
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application  of  fadts,  it  is  very  pcfiible  to  give 
the  appearance  of  plaufibility  to  the  mod 
palpable  abfurdities;  and  an  improper  choice 
of  fadts  will  be  productive  of  as  great  un-* 
certainty.  The  fadts  themfelves  Ihould  firft 
be  well  confidered,  and  every  compound 
fadt  fiiould  be  critically  analysed,  before 
it  is  admitted  as  the  foundation  of  any 
theoretical  argument.-— The  limple  operations 
of  the  animal  ceconomy  are  the  only  fadts 
that  can  be  depended  upon  in  this  inftancej 
and  even  thefe  fimple  fadts  will  prove  of 
little  fervice  without  a rational  theory  toi 
connedt  them.  Fadts  without  doubt  are  the 
foundation  of  theory,  but  it  is  theory  which 
teaches  how  to  connedt  fimple  fadts  in  the 
proper  order  in  which  they  naturally  fuc- 
ceed  each  other  3 it  is  theory  which  teaches 
how  to  trace  evident  fads  to  their  remote,  if 
not  to  their  firfi:  caufes — and  alfo  how  to 
diftinguifh  caufes  from  effedts,  and  effedts 
from  caufes ' The  objedt  of  theory  is  there- 
fore the  acquiring  a clear,  diffindt,  and  accu- 
rate 
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rate  knowledge  of  the  firft  principles  and 
laws  of  nature ; and  thus  without  theory, 
the  accumulation  of  fads  muft  undoubtedly 
prove  an  unintelligible  chaos.  At  the  fame 
time  it  will  be  neceflfary  to  obferve,  that  that 
theory  which  is  the  produdion  of  a fertile 
imagination,  and  only  founded  on  book- 
knowledge,  without  a proper  foundation  of 
well  known  fads,  when  formed  with  a cer- 
tain degree  of  plaufibility,  muft  undoubtedly 
prove,  before  all  others,  the  greateft  impedi- 
ment to  every  fpecies  of  philofophical  invefti- 
gation. 

The  method  that  I have  purfued  in  the 
following  pages  appeared  to  me  beft  adapted 
to  my  prefent  purpofe,  and  the  limits  of 
the  fubjed  have  been  determined  by  the 
nature  of  the  objeds  of  enquiry.  I have 
ftudioufly  endeavoured  to  copy  Nature,  with- 
out being  influenced  by  the  opinions  of 
others ; and  if  the  matter  is  thought  worthy 
the  attention  of  the  Reader,  I hope  the  man- 
ner, 
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her,  if  intelligible,  will  be  excufed  with  all 
the  imperfections : for  though  purity  of  lan- 
guage and  elegance  of  flyle  are  ornaments 

« 

that  fhould  never  be  negleCted,  they  do  not 
appear  fo  abfolutely  neceffary  on  this  occa- 
fion,  as  it  is  not  the  conftrudtion  of  words 
and  fentences  that  is  the  objeCt  of  thefe  en- 
quiries, but  the  anatomy  of  the  arterial 
fyftem,  and  thofe  laws  of  the  animal  ceco- 
nomy,  which  regulate  and^  influence  the 
motion  of  the  blood. 
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OBSERVATIONS 

i 

ON  THE 


CIRCULATION  of  the  BLOOD,  &c. 


SECTION  I. 

Of  the  prefent  State  of  this  Part  of  Phyfiology. 

TH  E courfe  of  the  blood  through  the 
heart  and  lungs,  and  through  the  arterial 
and  venal  fyftems,  was  firft  demonftrated  by  the 
great  Harvey  *,  but  the  different  animal  func- 
tions that  promote  the  circulation  of  the  blood, 
have  been  explained  by  flow  degrees.  The 
principles  on  which  the  fyftole  and  diaftole  of 
the  heart  depend,  was  a fubjedt  that  engaged 
the  attention  of  the  firft  phyfiologifts,  but  was 

B little 
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iittle  underdood,  until  Haller  publifhed  his 
Experiments  on  Irritability,  which  were  after- 
wards farther  illudrated  by  Whytt’s  Effays  on 
the  Vital  and  other  involuntary  Motions  of 

i 

Animals ; and  even  at  the  prefent  period,  as 
our  knowledge  of  the  conftrudion,  powers  and 
properties  of  various  parts  of  the  animal  body, 
remains  very  imperfedl ; fo  in  particular,  the 
adion  of  the  arteries  and  the  motion  of  the 
blood  through  their  cavities,  have  never  yet 
been  perfectly  explained,  or  generally  under- 
ftood. 

In  the  following  dilquifitions  on  this  fubjed, 
I fhall  carefully  avoid  the  admiffion  of  fuch 
doubtful  experiments  as  may  give  various  ap- 
pearances for  want  of  fufficient  accuracy  in  the 
operation,  or  may  at  lead  admit  of  different 
conclufions ; and  fhall  only  attend  to  a few  evi- 
dent fads,  that  are  well  known  to  every  ana- 
tomift,  and  may  be  repeatedly  obferved  without 
the  lead  hazard  of  want  of  uniformity  in  the 
mod  important  circumdances : by  which  means 
many  difficulties  will  be  avoided,  which,  in 
fimilar  indances,  indead  of  explaining  the  prin- 
ciples 
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ciples  of  nature,  have  proved  the  foundation  of 
innumerable  errors  •,  and  the  fubjedt  that  was 
intended  to  have  been  thereby  illuftrated,  has 
been  left  in  greater  obfcurity.  Equal  difficulties 
would  undoubtedly  attend  every  attempt  to  ex- 
plain that  property  of  the  arteries  which  is  the 
caufe  of  their  mufcular  adtion,  by  the  moft  accu- 
rate repetition  of  fuch  experiments  that  have 
been  made  on  living,  or  more  ftridtly  fpeaking, 
on  dying  animals,  on  the  fubjedt  of  irritability, 
and  for  this  evident  reafon  ; becaufe,  in  all  en- 
quiries into  the  laws  of  the  animal  ceconomy, 
it  is  neceffary  that  the  feveral  parts  fhould 
be  in  a perfedt  f ftate,  and  adluated  by  the 
powers  of  nature  only,  which  is  not  confident 
with  the  nature  of  thofe  experiments  that  have 
been  ufed  to  determine  the  exigence  and  degree 
of  irritability  or  fenfibility  of  different  parts; 
and  for  want  of  attention  to  this  particular, 
every  experiment  will  be  attended  with  ambi- 
guity, and  the  moft  refined  and  plaufible  argu- 
ments will  prove  exceptionable,  and  fubjedt  to 
the  following  objedtions. 

B 2 The 
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The  pain  that  the  animal  would  fuffer  by 
the  difledtion  to  expofe  an  artery,  might  confi- 
derabiy  diminifh,  or  totally  deftroy,  the  natural 
irritability  of  the  part ; or  the  divifion  of  the 
veflel  might  do  fo  much  injury  to  the  mufcular 
coat,  that  the  power  of  adtion  might  be  de- 
ftroyed,  and  the  veflel  not  contradl,  though  it 
was  effedtually  irritated  ; or  cutting  the  veflel 
to  get  at  the  internal  furface,  might  prove  a 
ftronger  ftimulus  than  what  would  be  afterwards 
applied  j and  as  it  would  be  difficult  to  evacuate 
all  the  blood,  which  is  the  proper  ftimulus  pro- 
vided by  nature,  and  impofiible  to  prevent  the 
admiflion  and  contadt  of  the  air,  which  might 
prove  a ftimulus ; confequently  the  veflel  could 
not  be  obferved  but  in  a ftate  of  irritation. 

But  when  our  enquiries  are  diredted  to  fub- 
jedls  of  much  lefs  difficult  inveftigation,  we  are 
frequently  deceived  by  attending  to  the  delu- 
five  appearances  of  anatomical  experiments  \ if 
we  do  not  at  the  fame  time  attentively  confider 
the  true  principles  upon  which  thefe  appear- 
ances depend.  For  inftance,  the  appearances  that 
take  place  when  the  carotid  arteries  are  divided, 

are 
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are  fo  very  different  to  what  is  obfervable  when 
a fmall  artery  is  divided,  pr  when  one  of  thefe 
vefiels  is  only  flightly  wounded,  that  this  Angle 
circumftance  has  given  rife  to  an  hypothecs  §, 
which,  contrary  to  the  general  opinion,  fuppofes 
that  there  is  neither  fyftole  or  diaftole  in  the 
arteries,  and  that  the  blood  moves  through  the\r 
cavities  with  a regular  and  unremitting  velo- 
city. But  the  natural  courfc  of  the  circulation  is 
fo  changed  when  the  carotid  arteries  are  divided, 
that  this  experiment  cannot  poffibly  lead  to  any 
fuch  conclufion,  but,  on  the  contrary,  this  fur- 
nifhes  us  with  an  inftance  that  evidently  proves 
the  effedls  of  diminifhed  refinance  in  any  part  of 
the  arterial  fyftem.  That  I might  be  perfectly 
fatisfied  of  the  certainty  of  the  faff,  I repeated 
the  experiment,  and  found  that  when  the  carotid 
arteries  of  a fheep  were  fuddenly  divided,  the 
blood  was  difcharged  from  their  cavities  with  a 
continued  ftream,  and  with  uniform  velocity, 
and  that  there  was  not  the  leaft  motion  to  be 
perceived  in  the  divided  vcflcls,  until  the  greateft 
part  of  the  blood  was  evacuated.  What  at  fir  ft 

B 3 view 

$ Dr,  Kirkland’g  Medical  Surgery,  Vol.  I.  p.  307. 
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view  appears  mod  fingular  in  this  experiment 
is,  that  though  the  blood  is  propelled  from  the 
heart  at  intervals,  the  difcharge  from  the  carotid 
arteries  (hould  be  conftant  and  regular — and  it 
is  alfo  neceflary  to  obferve,  that  the  quantity  of 
blood  that  is  difcharged  in  a given  time  far  ex- 
ceeds  the  quantity  that  pafles  the  heart ; for  if 
the  dimenfions  of  the  left  ventricle  of  the  heart, 
and  the  number  of  pulfations  be  nearly  afcer- 
tained,  the  quantity  of  blood  that  enters  the 
aorta  from  the  heart  in  the  fame  time,  may  be 
eftimated  with  fufficient  accuracy  by  a mental 
calculation,  to  give  the  mod:  evident  proof  of 
the  truth  of  this  afiertion  ; confequently  the 
blood  muft  come  fome  other  way,  to  pafs 
through  the  divided  vefiels.  And  as  the  femi- 
lunar  valves  placed  at  the  origin  of  the  aorta 
are  the  only  valves  in  the  whole  arterial  fyftem, 
there  is  no  impediment  to  prevent  the  return  of 
the  blood  from  the  extreme  ramifications  of  the 
arteries,  towards  the  divided  carotids,  where  all 
refiftance  is  deftroyed  and  thus  the  blood 
being  prefied  by  the  natural  contra&ion  of  the 
arteries,  and  by  the  convulfive  a&ion  of  the  cir- 
cumjacent mufcles,  will  return  from  all  the  ex- 
'•  ••  • ' v * / • • - • • 

tremq 

Vs  - ^ 


[ 7 ] 

treme  parts  of  the  arteries,  and  the  whole  con- 
tents of  the  arteries  returning  at  the  fame  time 
by  the  aorta defcendens  and  the  two  fubclavians, 
together  with  what  comes  through  the  aorta 
afcendens  from  the  heart,  will  occafion  a fupply 
in  the  curvature  of  the  aorta,  that  will  exceed 
the  difcharge  at  the  divided  carotids  ; conle- 
quently  the  fuperior  part  of  the  aorta  will  be 
diftended  by  the  preffure  of  the  accumulated 
blood*;  and  the  re-aftion  continuing  the 
fame  without  intermillion,  will  force  the  blood 
through  the  carotid  arteries  with  a regular  and 
uniform  velocity.  But  it  is  impoffible  that  this 
effect  fhould  be  produced  by  the  power  of  the 
heart  alone:  if  it  was  not  for  thefe  co-operat- 
ing powers,  that  continue  to  aft  during  the 
diaftole  of  the  ventricle.  For  the  diftance  from 
the  left  ventricle  of  the  heart,  through  the  cur- 

B 4 -vature 

* Haller’s  Diffcrtation  on  theMotion  of  the  Blood,  p.ioz. 
When  either  the  heart  or  the  aorta  is  cut  off,  generally 
the  blood  of  the  mefenteric  arteries  moves  retrograde. 
Ibid,  p.  143.  The  blood  of  an  animal  whofe  heart  is 
deflroyed,  doth  not  move  only  from  great  veffels  to  fmall 
ones,  but  it  more  frequently  moves  from  the  fmall  branencs 
to  the  great  ones.  See  alfo  d.  139. 
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vature  of  the  aorta  to  the  open  orifices  of  tha 
divided  carotid  arteries  is  fo  (hort,  and  as  the 
blood  will  meet  with  no  refiftance  f when  the 
continuity  of  thefe  veflels  is  deftroyed,  thefe 
vefiels  would  be  very  little  diftended,  and  the 
blood  would  be  difcharged  at  intervals,  corre- 
fponding  to  the  motions  of  the  heart,  which  is 
evidently  proved  by  what  takes  place  before  the 
conclufion  of  this  experiment  •,  for  as  the  whole 
arterial  fyftem  is  perfedtly  evacuated  fome  little 
time  before  thedeathof  the  animal, and  as  theheart 
dill  continues  to  tranfmit  the  blood  from  the  cava 
to  the  aorta,  the  blood  is  then  difcharged  from  the 
divided  carotids  at  intervals,  correfponding  to 
the  fyftole  of  the  left  ventricle  ; and  the  veins 
at  that  time  being  alfo  nearly  evacuated,  the 
quantity  of  blood  that  fupplies  the  heart  will 
be  diminilhed  at  every  pulfation,  and  confe- 
quently  the  aftion  of  the  heart,  and  the  quantity 
of  blood  difcharged  by  the  carotids  at  each  im- 
pulfe,  will  gradually  diminilh,  until  the  animal 
expires.  From  this  and  fimilar  inftances,  it  is 
reafonable  to  conclude,  that  the  operations  of 

nature, 

v ^ Critical  Review,  April  1783,  p.  256. 
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nature,  in  the  mod  fimple  and  perfedt  ftate, 
will  prove  the  fafeft  guide  to  truth;  and  thofc 
parts  are  mod  proper  for  obfervation  that  are 
evident  to  the  fenfes,  without  the  affiftance  of 
optical  inftruments : for  if  the  laws  of  the  ani- 
mal oeconomy  cannot  be  inveftigated  by  attend- 
ing to  the  operations  of  thofe  parts  that  are  evident 
to  the  fight,  and  are  capable  of  being  examined  by 
the  fingers  and  difiedlion,  it  is  not  probable  that 
the  refult  of  our  enquiries  will  prove  morefuccefs- 
ful  when  we  attempt  to  inveftigate  thofe  parts 
that  are  in  themfelves  too  minute  to  be  feen  with- 
out the  affiftance  of  the  microfcope,  and  -but 
imperfedtly  with  it.  In  my  opinion,  the  micro- 
fcope has  never  much  enlightened  this  fubjedt; 
but  on  the  contrary,  it  has  given  fome  authors 
a fine  opportunity  of  defcribing  whatever  their 
imaginations  painted,  and  what  no  eyes  but 
their  own  have  ever  fince  been  able  to  difcover: 
for  inftance,  the  refined  and  fpeculative  theories 
on  the  dodtrine  of  blood  globules  are  not  de- 
monftrable  at  the  prefent  day ; and  we  have 
every  reafon  to  believe,  that,  even  with  the  fame 
inftruments,  it  would  be  impoffible  to  repeat  the 
fame  experiments  with  the  boafted  fuccefs. — . 

Dr. 
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Dr.  Whytt||  has  attempted  to  demonftrate  with 
mathematical  accuracy,  that  the  powers  of  the 
microfcope  are  not  fufficient  to  fhew  the  motion 
of  the  fmall  capillary  arteries,  where  the  blood 
. is  fuppofed  to  pafs  by  fingle  globules  ; and  it  ap- 
pears very  doubtful  whether  either  Lewenhoek 
or  Hewfon  ever  faw  any  fuch  thing  as  a blood 
globule,  if  in  reality  there  is  any  fuch  exift- 
ence  in  nature.  Then  as  it  is  moft  probable 
that  the  minutiae  of  anatomy  (which  is  at 
prefent  very  imperfeftly  known)  will  be  belt 
difcovered,  by  obferving  the  analogy  between 
the  large  parts  and  the  fmall  ones  i — it  is  very 
fingular,  that  fo  many  ingenious  anatomifts, 
who  have  attempted  to  explain  the  nature  of  the 
circulation  of  the  blood,  fhould  have  deduced 
their  arguments  from  the  uncertain  evidence  of 
microfcopic  obfervation. 

||  Whytt’s  Works,  p.  236. 
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SECT.  II. 

Of  the  Ufe  and  Ahufe  of  Mechanical  Jllujlrations , 


npHE  ftudy  of  mechanics  has,  in  fome  de- 
gree, always  been  united  with  furgery  j 
and  the  defire  that  has  univerfally  prevailed  to 
become  the  author  of  fome  improvement  in  this 
part  of  medical  knowledge,  has- introduced  a 
number  of  ftrange  uncouth  inftruments  into 
every  department  of  medicine  where  manual 
aftiftance  is  required  ; but  the  unfitnefs  of  fome 
of  thefe  inftruments  for  their  intended  purpofes 
plainly  Ihews  the  great  deficiency  of  either  the 
mechanical  or  anatomical  knowledge  that  was 
neceftary  to  have  formed  fuch  inftruments  com- 
plete and  ufeful.  Indeed  the  operative  part  of 
furgery  is  in  a great  meafure  mechanical,  and  to 
be  well  acquainted  with  the  diftribution  of  the 
different  parts  concerned  in  operations,  may  be 
fufficient  for  fuch  purjjjofesj  but  a defcriptive 

knowledge 
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knowledge  of  anatomy  is  but  one  part  neceffary 
towards  inveftigating  the  laws  of  the  animal 
ceconomy.  I lhall  not  take  upon  me  to  deny, 
but  that  when  certain  fimilies  are  well  adapted, 
and  properly  introduced,  they  may  in  fome  de- 
gree facilitate  defcription,  and  promote  the  at- 
tainment of  phyfical  knowledge;  but  they  more 
frequently  tend  to  lead  the  mind  into  error, 
than  to  improve  our  ideas. — For  inftance,  the 
late  Dr.  Hunter  was  much  admired  for  his 
happy  fimilies*;  but  how  he  failed,  when  he 
compared  the  aneurifmal  efchar  to  the  fucker 
of  a pump,  is  too  evident  to  efcape  obfervation; 
and  fome  anatomifls  have  gone  much  farther, 
and  attempted  to  explain  the  circulation  of  the 
blood  on  the  principles  of  hydraulic  machines, 
and  with  this  intention  have  compared  the  vaf- 
* cular  fyftem  to  the  different  parts  of  a fire  en- 
gine ( i . e.  an  engine  to  extinguifh  fire) ; but  the 
inconfiftency  of  fuch  a reprefentation  muff  ap- 
pear perfedlly  evident  to  every  one  who  has  the 
leaft  knowledge  of  the  anatomy  of  the  one,  and 
the  mechanifm  of  the  other.  But  as  fuch  fimilies 
have  been  ufed  by  different  authors,  and  not 

with 

* Medical  Obfervations  and  Inquiries,  Vol.  I.  p.  330, 
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with  the  moft  ftritt  propriety,  it  becomes  necef- 
fary  that  we  examine  how  far  they  may  affift  our 
inquiries,  or  prove  difadvantageous •,  and  as  the 
diaftole*of  the  arteries  is  chiefly  mechanical,  we 
fhall  find  that  on  fuch  principles  only  (as  the  ar- 
teries are  capable  of  diftention  and  contraflion) 
it  is  impofiible  they  Ihould  remain  without  mo- 
tion. Dr.  Mihles,  in  his  tranflation  of  Haller’s 
Outlines  of  Phyfiology,  has  added  an  illuftra- 
tion  of  this  kind,  that  has  attrafled  the  attention 
of  fome  anatomifts  f , and  they  have  quoted  the 
obfervation  with  the  original  intention,  without  _ 
detecting  the  mifapplication  to  the  mechanifin 
of  the  vafcular  fyftem. — The  firft  part  of  the 
obfervation  informs  us  “ That  a very  fmall 
“ part  only  of  the  refiftance  of  the  arteries  is 
“ removed  each  time  by  any  Angle  contradlion 
“ of  the  heart  j”  but  on  the  contrary,  I think 
no  truth  can  be  more  evident,  than  that  the 
whole  refiftance  of  the  arteries  is  overcome  by 
every  Angle  fyftole  of  the  left  ventricle ; for  if 

otherwife, 

1"  This  was  taught  by  Mr.  Elfe,  when  I attended  his 
Le&ures  in  1779  and  1780. 

X Mihles’s  Tranflation  of  Haller’s  Phyfiology,  Vol.  J. 

p.  97. 
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otherwife,  the  adion  of  the  heart  muft  neceflarily 
be  more  frequent  than  the  adion  of  the  arteries ; 
agreeable  to  that  well  known  law  in  mechanics, 
that  what  we  gain  in  power,  we  lofe  in  time, 
and  vice  verja : and  as  the  arteries  contra#  as 
much  during  the  diaftole  as  they  were  dilated 
by  the  preceding  fyltole  of  the  heart,  the  mo- 
tion of  the  heart  and  arteries  will  conftantly  and 
regularly  correfpond  to  each  other.  But  to 
fupport  the  argument,  it  is  then  obferved, 

“ That  as  the  femilunar  valves  at  the  origin  of 
<c  the  aorta  will  admit  of  various  apertures,  the 
“ heart  ads  upon  that  hydraulic  principle, 

<c  whereby  any  force,  ever  fo  weak,  by  urging  a 
**  fluid  through  an  aperture  proportionably 
te  fmall,  fhall  overcome  any  refiftance,  or  raife 
#t  any  weight  ever  fo  great.”  But  as  the  femi- 
lunar valves  have  no  power  of  adion  inherent 
in  themfelves,  and  as  their  motion  is  occafioned 
by  the  influx  and  reflux  of  the  blood,  the  mo- 
mentum of  the  blood  will  not  be  influenced  by 
the  opening  of  the  valves,  but  on  the  contrary 
the  opening  of  the  valves  will  depend  on  the  * 
momentum  of  the  blood ; for  the  adion  of  thefe 
valves  is  perfedly  mechanichal,  and  they  are 

prefled 
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prefled  upon  as  powerfully  by  the  blood  in  the 
artery,  as  by  the  blood  in  the  ventricle  of  the 
heart:  and  though  the  femilunar  valves  will  re- 
cede further  from  each  other  when  the  impulfe 
of  the  blood  is  great,  than  when  it  is  languid, 
that  motion  will  be  equal  to  the  degree  of  ve- 
locity with  which  the  blood  enters  the  artery. 
But,  to  favour  this  hypothefis  as  much  as  pof- 
fible,  let  us  fuppofe  that  the  opening  of  the 
valves  depended  on  fome  power  proper  to  them- 
felves,  by  which  the  dimenfion  of  the1  aperture 
could  be  increafed  or  diminifhed  ; even  then  the 
influence  that  this  would  have  on  the  motion 
of  the  arterial  blood  would  not  afiift  the  power 
of  the  heart,  as  is  here  fuppofed,  but  on  the 
contrary,  if  a certain  quantity  of  blood  pafies 
the  femilunar  valves  in  a given  time,  that  is,  if  . 
at  each  fyftole  of  the  heart  the  contents  of  the 
left  ventricle  are  impelled  into  the  aorta,  the 
fmaller  the  aperture,  the  greater  muft  be  the  ve- 
locity of  the  blood  through  that  aperture,  and 
confequently  the  refiftance  to  the  paffage  of  the 
blood  more  confiderable.  But  the  principal 
tendency  of  this  argument  will  perhaps  be  belt 
explained,  by  comparing  the  power  of  the  heart 

to 


t 16  ] 

JO  the  preflure  of  a column  of  water,  of  any 
other  fluid  of  a given  perpendicular,  and  a cer- 
tain bafe  $ then  if  a fecond  tube  of  equal  dimen- 
flons  be  united  to  the  bottom,  and  placed  pa- 
rallel to  the  firft  that  contains  the  column  of 
water,  whofe  perpendicular  preflure  reprefents 
the  power  of  the  heart*  they  will  appear  like  the 
form  of  a capital  U,  or  an  inverted  fyphon  ; and 
fuppofe  that  the  preflure  of  the  water  in  the  fe- 
cond tube  reprefents  the  refiftance  of  the  arteries, 
in  this  fltuation  the  gravity  of  the  one  will  un- 
doubtedly equipoife  the  gravity  of  the  other, 
and  this  will  be  invariably  the  fame,  whether 
thefe  tubes  are  united  at  the  bottom  by  an  aper- 
ture equal  to  the  whole,  or  of  only  one  tenth,  or 
even  any  other  inconfiderable  proportion  of  the 
diameter  of  the  tubes;  which  aperture,  in  this 
inftance,  reprefents  the  opening  of  the  femilunar 
valves.  Then  the  true  reafon  why  a feeble 

contraction  of  the  left  ventricle  of  the  heart 

* 

after  fainting,  &c.  is  capable  of  renewing  the 
circulation,  is,  becaufe  the  arteries,  during  the 
cefiation  of  the  motion  of  the  heart,  having 
nearly  completed  their  vacuity,  and  confequently 
their  diftention  being  diminifhed,  their  refiftance 

* will 
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will'be  diminifhed  in  proportion,  and  then  a lefs 
powerful  impulle  of  the  heart  will  be  fufficicnt 
to  rcftore  the  motion  of  the  blood  * and  at  the 
fame  time,  as  the  irritability  of  the  arteries  will 
be  diminifhed,  their  mufcular  adtion  will  not  be 
fo  powerfully  excited  by  the  ftimulus  of  the 
blood,  and  their  power  of  re-adion  as  much  di- 
minifhed as  the  power  of  the  heart,  and  the  juft: 
proportion  between  the  power  of  the  heart  and 
the  refinance  of  the  arteries  be  equally  pre- 
ferved.  But  it  is  not  necefiary  to  my  prelent 
purpofe,  that  I fhould  point  out  every  error  of 
this  kind  that  might  be  fele&ed  from  different 
anatomical  writings.  I only  wifh  to  examine  fome 
of  the  mofl  exceptionable  opinions,  and  anfwer 
their  principal  arguments  ; and  the  following  in- 
flance  feems  to  comprehend  every  particular 
that  is  neceffary  to  be  advanced  on  this  fubjefh 
and  I fhould  think  myfelf  guilty  of  a great 
omifhon  if  I let  this  obfervation  pafs  unnoticed, 
as  it  has  been  employed  to  fupport  an  opinion 
contrary  to  that  which  is  delivered  in  the  follow- 
ing pages  i and  fome  readers  might  conclude  that 
all  I have  written  on  the  action  of  the  arteries 

C,  would 
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would  fink  under  the  authority  of  this  import 
tant  argument. 

In  this  obfervation  the  circulation  of  the 
blood  is  compared  to  the  operation  of  a fire 
engine* **,  i.  e.  an  engine  ufed  to  extinguilh  fire, 
and  the  hydraulic  principles  of  the  one  are  fup- 
pofed  to  give  a perfedt  reprefentation  of  the 
other.  But  if  we  confidcr  the  mechanifm  of  a 
fire  engine,  and  the  conftrudtion  of  the  vaf- 
cular  fyftem,  it  will  not  be  difficult  to  difcover 
the  impropriety  of  this  fimile,  and  the  bad  ten- 
dency of  fuch  delufive  illuftrations.  But  before 
we  proceed  to  examine  the  general  tendency,  it 
will  be  neceffary  to  obierve,  that  the  arteries  are 
not  conical,  but  perfedl  cylinders  ■,  the  neceffity 
of  which  form  will  be  fhewn  in  the  following 

fedtion : 

* Dr.  Kirkland  has  aflerted,  that  “ If  the  leathern 
“ tube  of  a fire  engine  were  made  elaftic,  and  fomewhat 
t:  conical  like  the  arteries,  I doubt  not,  were  its  end  at 

**  liberty,  or  inclofed  in  a ligature,  but  it  would  undergo 
“ a fimilar  motion  from  the  paffage  of  the  water.  And 
“ I am  perfuaded  this  inftrument  reprcfents  the  manner 
in  which  the  blood  is  made  to  circulate  through  the 
<(  body.”  Medical  Surgery,  Vol.  I.  p.  313. 
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fedion.  Firft,  to  give  a fhort  defcription  of  a 
fire  engine,  that  it  may  be  fufficiently  under- 
flood  for  the  prefcnt  purpoie:  it  is  compofed 
of  two  forcing  pumps  that  ad  alternately  j a 
large  air  vefifd,  in  which  the  air  is  condenfed  by 
the  preflure  of  the  water  ; a long  cylindrical 
leathern  tube,  at  the  end  of  which  is  fixed  one 
made  of  brafs  or  copper,  of  a conical  form,  by 
means  of  which  the  external  orifice  of  the  tube, 
which  is  the  outlet  of  the  engine,  is  diminifhed, 
and  the  velocity  of  the  water  proportionably  in-  . 
creafcdi  and  thus  by  the  fuccefiive  adion  of 
each  embolus  in  the  cylinders,  the  two  cylinders 
alternately  dii’charge  their  contents  into  that 
part  of  the  engine  that  communicates  with  the 
air  veffel;  and  as  the  re-adion  of  the  condenfed 
air  on  the  furface  of  the  water  is  conftantly 
equal  to  the  power  of  the  engine,  the  lateral 
preflure  of  the  water  againfl:  the  fides  of  the 
leathern  tube  will  be  regularly  the  fame,  fo  that 
was  the  leathern  tube  ever  fo  elaftic,  as  the  dif- 
tending  power  ads  without  intermiflion,  the 
tube  will  not  dilate  and  contrad,  but  will  remain 
in  a date  of  diftention  equal  to  the  lateral  pref- 
fure  of  the  water.  But  on  the  contrary,  when 

C 2 a quan- 
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a quantity  of  blood  is  difcharged  into  the  aorta 
by  the  contradion  of  the  heart,  the  f)  dole  of 
the  left  ventricle  immediately  ceafes,  and  the 
arteries  that  were  diflended  by  the  ingrefs  of  the 
blood,  have  time  to  contrad  and  regain  their 
former  dimenfions;  for  the  contents  of  the  ar- 
teries are  propelled  with  different  degrees  of 
power  at  different  intervals,  being  aduated  moft 
forcibly  when  the  arteries  are  moft;  diflended, 
and  lead  fo  when  they  are  moft  contraded. 
But  here  it  will  be  neceffary  to  obferve,  that  the 
prcfTure  of  the  condenfed  air  does  not  add  to 
the  power  of  the  engine,  as  has  been  luppofed 
by  fome  writers  j ; it  only  fuflains  the  preffure 
of  the  water ; and,  whilft  the  engine  is  in  mo- 
tion, conftantly  re-ads  with  a power  equal  to 
its  condenlation.  But  although  tije  operation 

of 


f Dr.  Millies  fuppofes,  “ that  to  the  power  of  the  heart 

“ the  arteries  ferve  as  a multiplying  fpring,  by  their 

/ 

“ elaftic  force  proportionable  to  their  diftention ; and 
41  drive  forward  the  blood  and  continuous  juices  in  the 
/e  fame  manner  as  the  air  by  its  fpring  throws  out  a con- 
“ tinued^  ftream,  with  a celerity  proportionable  to  its 
44  compreffure  in  the  fire  engine,  or  forcing  pump.’' 
Tranflation  of  Haller’s  Phyfiology,  Vol.  I.  p.  97. 
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of  the  fire  engine  bears  very  little  analogy  to  the 
circulation  of  the  bjood,  the  operation  of  a 
fingle  forcing  pump  with  a long  leathern  tube 
will  be  found  to  be  fomewhat  fimilar  to  the 
action  of  the  heart  and  arteries,  for  when  the 
capacity  of  the  cylinder  of  the  pump  is  in- 
crealed  by  the  afcent  of  the  embolus,  the  water 
rulhes  in  to  fupply  the  vacuum,  fo  does  the 
blood  into  the  evacuated  ventricle  of  the  heart; 
and  as  the  blood  is  forced  into  the  aorta  by  the 
fyftole  of  the  ventricle,  fo  when  the  capacity  of 
the  cylinder  is  diminifhed  by  the  defcent  of  the 
embolus,  the  water  is  forced  into  the  leathern 
tube,  and  as  often  as  the  water  is  forced  into  the 
leathern  tube,  it  will  be  evidently  dilated,  and 
when  the  deling  power  ceafes,  the  tube  will  im- 
mediately contrad  by  its  elaftic  power:  and  thus 
by  the  repeated  adion  of  the  pump,  the  leathern 
tube  will  alternately  dilate  and  contrad  in  a man- 
ner fomewhat  fimilar  to  the  diaftole  and  fy dole 
of  the  arteries;  and  if  the  arteries  were  nothin** 
more  than  elaftic  membranes,  and  perfectly  void 
of  mufcular  power,  they  would  even  then  dilate 
and  contrad  in  the  fame  manner  as  the  leathern 
tube,  but  it  is  impolfible  that  they  fhould  be 
jperfedly  free  from  motion,  unlefs  their  refill- 
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ance  was  greater  than  the  lateral  impulfe  of  the 
blood. — As  for  the  operation  of  any  hydraulic 
enginV,  that  can  only  be  mechanical ; but  the 
animal  functions  are  influenced  by  powers  that 
depend  on  very  different  princip'es:  fo  that  the 
moft  accurate  description  of  the  one  will  give 
but  a veiy  imperfect  reprefentation  of  the  other. 
But  if  what  has  been  faid  on  this  fubjedt  is  not 
Sufficient  to  convince  every  impartial  reader  of 
the  bad  tendency  of  this  method  of  reafoning, 
let  Kim  confider  how  the  great  Boerhaave  was 
deluded  by  mechanical  opinions;  or  Freind’s 
Emmenalogia  will  afford  fome  of  the  moll  Sin- 
gular ir.ftances,  where  the  powers  of  the  animal 
cecopomy  have  been  erroneoufly  explained  on 
mechanical  principles  ; and  where  even  the 
modus  operand'i  of  certain  medicines  was  Sup- 
plied to  have  been  demonftrated  by  chemical 
experiments. 

/ 
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SECT.  III. 

Of  the  Form  of  the  Arteries , and  the  Nature  of 
their  Diaftole. 

T HE  principal  improvement  that  modern 
anatomifts  have  made  in  the  dodtrine  of 
Arteriology,  confifts  in  a clear  inveftigation  of 
the  true  form  of  the  arteries,  which  is  an  objedt 
of  the  firfb  importance  towards  afcertaining  the 
comparative  velocity  of  the  blood  through  the 
different  branches  of  the  arterial  fyftem  ; that  is, 
the  proportion  that  the  motion  of  the  blood  in 
one  part  bears  to  the  motion  of  the  blood  in 
other  parts  of  the  arterial  fyftem  : for  the  com- 
parative velocity  of  the  blood  will,  cateris  pari- 
hus , depend  on  the  form  of  the  vefiels,  the 
number  of  ramifications,  and  the  proportion 
which  the  fum  of  the  areas  of  all  the  ramifica- 
tions, at  any  given  diftance  from  the  heart, 
bears  to  the  area  of  the  original  trunk.  But  to 
form  a tolerable  idea  of  the  motion  of  the  blood, 
it  is  necelTary  firft  to  be  well  acquainted  with 
jhc  confiruclion  of  the  arteries,  not  only  fepa - 
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rately , as  diftinct  veffels,  but  colle&ively,  and  to 
know  how  all  the  arteries  united  compofe  a per- 
fect fyftcm  of  veffels,  whofe  dimenfions,  form, 
refiftance,  and  diftance  from  the  heart,  bear  fuel} 
an  equal  proportion  to  each  other,  that  in  a ftate 
of  health,  the  blood  is  thereby  equally  diftri- 
buted  to  all  the  different  parts  of  the  body;  for 
though  the  heart  fupplies  the  arteries  with  blood, 
and  impels  it  through  their  moft  minute  ramifi- 
cations, the  proporiionate  diftribution  depends 
alone  on  the  a6tion  of  the  arteries,  and  not  on 
the  powet  of  the  heart.  The  general  opinion 
of  all  anatomical  writers  relating  to  the  form  of 
the  arteries  was,  that  thefe  veffels  were  parts  of 
longy  extended  cones,  whofe  diameters  de'creafe 
as  they  divi  le  into  more  numerous  branches; 
and  even  Haller  j-  exprefsly  mentions  the  conical 
form  of  the  arteries,  and  only  points  out  a few 

inftances 

f Haller,  fpeaking  of  the  pulfation  of  the  arteries,  fays, 
*<■  i;he  conical  form  of  the  artenes  much  contributes  to  the 
“ producing  this  phsenomenon  ; for  it  is  for  this  reafon, 
“ tjiai  the  impulfe  of  the  blood  againft  the  parieties  of 
“ the  arteries,  is  (in  proportion  to  the  diftance)  fo  much 
“ the  greater,  as  they  are  the  more  diilantfrom  the  heart.’* 

Tran  flation 
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i^ftances^;  where  the  arteries  are  cylindrical.  But 
the  irregularity  with  which  the  blood  would 
move  through  a fyftem  of  velTels  thus  conr* 

C-  7 i 

ftructed,  is  fo  inconfiftent  with  that  conftant  fim- 
plicity  that  appears  in  every  part  of  the  animal 
ceconomy,  that  this  confequence  is  alone  fuffi- 
cient  to  prove  the  fallacy  of  this  opinion. — For 
inftance,  the  velocity  of  a column  of  blood  pro- 
pelled through  a conical  vefiel,  would,  as  it  pro- 
ceeds, increase  in  proportion  to  the  diminution 
of  the  area  of  the  vefiel,  fo  that  § the  velocity 
of  the  blood  would  vary  in  every  part  of  the 
fame  vefiel;  and  at  every  ramification,  as  the  areas 
of  the  original  vefiel,  and  the  additional  branch, 
taken  together,  cpnfiderably  exceed  the  dimen- 
fions  of  the  original  trunk  (which  may  be  confi- 
dered  as  a well  eftablifhed  and  generally  received 

opinion)  i 

Tranflatlon  of  Haller’s  DHTertation  on  the  Motion  of  the 
Blood,  See.  p.  29. 

And  the  Tranflator  mentions,  “That  the  learned  au- 
“ thor  prefented  it  to  the  Royal  Society  at  Gottingen, 
“ Oft.  8,  1754,  and  it  is  publilhed  in  the  fourthlvolume 
of  the  Tranfaftions  of  that  learned  aflembly.” 

J Elementa  Phyfiologi®,  Tonj.  I.  p.  157. 

$ Enfield’s  Instates  pf  Natural  Philofophy,  p.  85,' 


[ 26  ] 


opinion);  the  velocity  of  the  blood,  which  was 
before  increafing,  would  at  the  ramification  be 
confiderably  diminifhed,  and  would  continue  to 
be  diminifhed  through  the  fucceeding  parts  both 
of  the  original  vefifel  and  the  ramification  ; and 
thefe  vefifels  being  alfo  fuppofed  to  be  conical, 
the  blood  would  proceed  through  their  cavities 
in  like  manner  with  increafing  velocity,  until  X 
arrived  at  thofe  parts  where  thefe  vefifels  gave 
out  additional  branches.  Hence  appears  the 
neceffity  of  what  is  now  well  known,  that  the 
arterial  tubes  are  perfe&ly  cylindrical,  from  the 
origin  of  the  aorta  to  the  fmalleft  branches ; and 
this  being  the  true  form  and  conftruftion  of  the 
arteries,  all  the  irregularities  above  defcribed 
will  be  avoided,  and  the  blood  will  move 
through  every  veflei  with  a perfectly  regular 
velocity,  which  will  only  diminish  at  and  in 
proportion  to  the  fize  of  the  ramification ; for 
as  the  fum  of  the  areas  of  the  branches  taken 
together  exceeds  that  of  the  artery  from  which 
they  originate,  the  velocity  of  the  blood  will 
confequently  be  lefs  in  the  fmall  than  in  the  large 
arteries : and  though  the  motion  of  the  blood 
will  be  equal  in  all  parts  of  the  fame  veflel,  yet 

|h? 
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the  degree  of  velocity  with  which  the  blood 
moves  through  the  capillary  arteries,  compared 
with  the  motion  of  the  blood  in  the  aorta,  will 
be  in  proportion  as  the  lum  of  the  areas  of  the. 
capillaries  exceeds  the  area  of  the  aorta  at  its 
origination.  As  for  any  intermediate  eftima-* 
tion,  that  could  not  be  afcertained  with  any 
tolerable  accuracy,  unlcfs  we  could  clearly  un- 

* -ji 

derftand  what  was  meant  by  the  different  orders 
of  veffels,  which  are  fo  exprefsly  mentioned  by 
fome  authors;  as  it  would  be  impoffible  to  trace 
a regular  gradation  from  the  large  to  the  fmall 
yeffels. 

• 

Then  the  dimenfions  and  ftrength  of  the 
different  branches  throughout  the  whole  arterial 
fyftem  are  fo  juflly  proportioned  to  each  other, 
that  the  refiftance  to  the  preffure  of  the  blood  is 
in  every  part  equal.  And  the  quantity  of  blood 
that  paffes  through  any  ramification  is  in  pro- 
portion to  the  diameter  of  the  vefiel ; and  the 
refiftance  to  the  progreffive  motion  of  the  blood 
is  alfo  equal  in  all  parts,  otherwife  the  diftribu- 
tion  of  the  blood  would  not  be  equal  in  propor- 
tion to  the  fize  of  the  different  vefTels ; but  a 

greater 
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greater  quantity  would  pals  through  that  vefiel 
where  the  blood  met  with  lead  refiftance  to  its 
motion.  This  is  clearly  exemplified  in  a de- 
fcript;on  that  Dr.  Hunter  has  given  of  a parti- 
cular fpecies  of  aneuryfm,  formed  by  an  anafto- 
mofis  * between  the  artery  and  vein,  in  confe- 

quence 

* London  Medical  Obfervations  and  Inquiries,  Vol.  II. 
p.  390.  “ There  is  an  anaftomolis,  or  immediate  commu- 
nication between  the  artery  and  vein,  at  the  part  where  the 
patieht  had  been  let  blood,  in  confequence  of  the  artery  ’ 
being  wounded  through  the  vein ; fo  that  blood  pafles  im- 
mediately from  the  trunk  of  the  artery  into  the  trunk  of 
the  vein,  and  fo  back  to  the  heart.” 

P.  401.  “ Notwithllanding  the  lize  and  the  force  of  the 
pulfation  of  the  brachial  artery  be  much  more  confider- 
able  than  in  the  other  arm,  the  artery  at  the  wrift  is  much 
Jinaller,  and  the  pulfation  much  weaker,” 

« 

P.  407.  “ Why  is  the  pulfe  at  the  wrift  fo  much  weaker 
in  the  difeafed  arm  than  in  the  other  ? Surely,  the  reafon 
is  obvious  and  clear.  If  the  blood  can  eafily  efcape  from 
{he  trunk  of  the  artery  diredly  into  the  trunk  of  the  vein, 
it  is  natural  to  think  that  it  will  be  driven  along  the  ex- 
treme branches  with  lefs  force,  and  in  Iefs  quantity.” 

P.  408.  Whence  is  it  that  the  artery  is  enlarged  all, 
the  way  down  the  arm  ?” 


p.  4°?*; 
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quente  of  palling  the  lancet  through  the  vein 
into  the  artery,  in  the  operation  of  letting 
blood.  The  account  is  too  long  to  be  inferted 
at  full  length : I fhall  therefore  only  abftrad 
fuch  obfervations  as  are  more  immediately  ap- 
plicable to  this  fubjed.  This  is  a very  curious 
phenomenon,  and  deferves  particular  attention* 
as  it  affords  a flriking  inftance  of  the  efFeds  of 
diminifhed  refiftance  in  a part  of  the  vafcular 
fyftem,  independent  of  the  influence  of  difeafe ; 
for  in  cafes  of  adive  hemorrhagy,  though  there 
is  a greater  derivation  of  blooa  to  the  velfels  of 
the  part  affeded,  yet  this  does  not  alone  depend 
on  diminifhed  refiftance,  but  in  fome  degree  on 
the  increafed  adion  of  the  ruptured  arteries. 

The 

i 

P.  409.  “ I prefume  that  the  derivation  of  blood  to  the 
arm  by  the  wound  of  the  artery,  has  been  the  caufe  of  the 
dilatation  of  that  veftel  j and  that,  in  the  living  body,  an 
artery  will  as  certainly  become  larger,  when  the  refiftance 
to  the  blood  is  taken  off ; as  it  will  become  fmaller  when 
it  is  comprelfed,  or  as  it  will  fhrink  anc^  become  a folid 
cord,  when  the  blood  is  not  allowed  to  pa fs  through  it 
at  all.”  , 


I 
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The  proper  action  and  only  power  of  the 
arteries  is  a power  of  contraction,  which  is  coun- 
teraded  by  the  fyftole  of  the  left  ventricle  of 
the  heart,  the  blood  ferving  as  a refitting  me- 
dium, by  which  means  thefe  two  powers  are 
made  to  counteract  each  other  $ fo  that  when  a 
quantity  of  blood  is  impelled  into  the  origin  of 
the  aorta  by  the  fv  ttole  ot  the  left  ventricle  of  the 
heart,  as  the  refiftance  of  the  origin  of  the  aorta  is 
inferior  to  the  power  that  would  be  neceflary  to 
move  the  whole  contents  of  the  arterial  fyltem 
with  the  lame  velocity  that  the  blood  is  fent 
from  the  heart,  confcquently  the  origin  of  the 
aorta  will  give  way  to  the  lateral  prefiure  of  the 
blood*  and  will  be  firft  dilated,  and  this  dilata- 
tion will  proceed  with  rapidity  to  the  extremity 
of  all  the  arterial  branches,  and,  by  one  pro- 
grettive  impulfe,  diftend  the  cavities  not  only  of 

r I 

the  larger  arteries,  but  of  every  minute  ramifica- 
tion : for  as  the  re-adion  of  the  origin  of  the 
aorta  is  greater  than  the  refiftance  of  the  inferior 
branches  * the  anterior  column  of  blood,  which 
is  propelled  with  equal  power  to  that  with 
which  the  aorta  is  diftended,  will  dilate  the 
whole  arterial  fyftem  until  a perfed  equilibrium 

is 
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is  reftored  ; and  when  the  fyftole  of  the  left 
ventricle  of  the  heart  is  compleated,  the  origin 
of  the  aorta,  which  was  firft  dilated,  will  firft: 
begin  to  contrail  *,  which  contraction,  by  means 
of  the  fuccefTive  action  of  the  circular  mufcular 
fibres,  proceeds  to  the  extremities  of  the  arteries 
before  the  returning  fyftole  of  the  heart.-— So 
that  the  diaftole  of  the  arteries,  and  the  fyftole 
of  the  left  ventricle  are  compleated  in  the  firft: 
inftance,  and  the  fyftole  of  the  arteries,  and  the 
diaftole  of  the  left  ventricle  of  the  heart  begin 
and  end  with  each  other. 

It  is  this  progreflive  dilatation  and  contrac- 
tion that  occafions  what  is  called  the  puifation* 
in  arteries  * and  though  both  the  dilatation  and 
contraction  begin  at  the  origin  of  the  aorta,  and 

end 


• Haller’s DifTertation,  p.  32.  “Modern  phyficians  fay, 
that  the  pulfe  is  produced  by  a wave  of  blood  going  out 
of  the  heart  with  more  fwiftnefs  than  that  which  preceded, 
and  had  loft  its  force  by  the  refiftance  of  the  fmall  veftcls ; 
and  that  the  refiftance  which  this  wave  makes  againft  that 
which  it  fucceeds,  is  the  caufe  that  its  direft  courfe  is  im- 
peded, and  that  a part  of  its  force  is  exerted  laterally 
againft  the  parietie3  of  the  veflcls,  and  elevates  them.” 
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end  at  the  extremity  of  the  branches,  yet  as  fluids 
prefs  equally  in  all  diredions,  the  contents  of 
the  whole  arterial  fyftem  will  confequently  be 
propelled  with  a degree  of  power  equal  to  that 
with  which  the  origin  of  the  aorta  is  difiended, 
and  the  momentum  of  the  blood  in  the  extreme 
ramifications  will  be  immediately  affeded  by  the 
impulfe  of  the  blood  entering  the  aorta  from  the 
heart.  So  that  although  both  the  dilatation  and 
contradion  of  the  arteries  is  progreffive,  the  im- 
pulfe of  the  heart  will  be  immediately  percep- 
tible in  the  diflant  parts,  or  near  the  circum- 

I ' 

ference  of  the  arterial  fyftem ; that  is,  in  every 
part  where  the  pulfation  of  the  arteries  is  evi- 
dent to  the  fenfes. 

I might  next  endeavour  to  eflimate  the  power 
of  the  heart,  and  the  degree  of  velocity  with 
which  the  blood  moves  forward  : and  if  fuch  a 
difeovery  would  confiderably  improve  our  know- 
ledge of  the  animal  ceconomy,  I fhould  fuppofe 
that  the  folution  of  this  queftion  would  not  be 
attended  with  the  difficulty  that  fome  have  ima- 
gined •,  for  though  Borelli  fuppofed  that  the 
power  of  the  heart  was  equal  to  180,000  pound* 

weight*. 
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weight, 'and  Dr.  Keill’s  calculation  reduced  the 
force  of  the  left  ventricle  to  eight  ounces,  ftill 
theie  extravagant  calculations  will  not  render' 
the  tafk  more  difficult,  as  they  both  founded 
their  arguments  on  equally  falfe  and  erroneous 
principles.  The  experiments  Of  Dr.  Hales  are 
very  ingenious,  perfectly  fimple,  and  well  cal- 
culated for  the  intention  •,  and,  if  repeated  with 
accuracy,  would  nearly  prove  what  W3S  the 
power  of  the  heart  and  arteries  in  fuch  animals 
as  were  the  fubjeds  of  the  experiments.  But 
I do  not  fuppofe  that  this  fingle  fad  would 
much  improve  our  knowledge  of  this  fubjed; 
for  though  we  could  edimate  the  power  of  the 
heart  by  numbers  or  weight,  it  does  not  follow 
that  we  ffiould  have  a more  complete  idea  of 
the  effeds  and  extent  of  that  power,  unlefs  we 
could  afeertain  with  equal  accuracy  the  power 
and  refiftance  of  every  part  whofe  motion  de- 
pends on  the  power  of  the  heart : for  though 
by  the  power  of  the  heart  the  blood  is  not  only 
propelled  through  the  arteries,  but  is  tranfmitted 
into  the  veins,  and  its  motion  continued  through 
the  whole  venal  fyftem  to  the  right  fide  of  the 
heart,  and  even  into  the  cavity  of  the  right 

D auricle. 
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auricle,  yet  it  would  be  very  difficult,  if  not 
impoffible,  to  tell  what  degree  of  power  in  the 
heart  would  be  necefiary  to  produce  thefe  ef- 
fedls,  and  give  motion  to  the  blood  : though  it 
is  well  known,  that  the  velocity  with  which 
the  blood  will  flow  from  a pun&ured  vein  is 
very  confiderable,  and  that  the  motion  of  the 
blood  firft  depends  on  the  power  of  the  left 
ventricle  of  the  heart. 


SECT. 
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SECTION  IV. 


Of  the  Syjlole  of  the  Arteries,  and  the  Motion  of 
the  Blood  during  the  Diajiole  of  the  Heart . 


T3REVIOUS  to  defcribing  the  fyftole  of  the 
arteries,  it  will  be  neceflary  to  prove  that 
they  do  dilate  and  contrad,  though  it  is  a fail: 
fo  felf-evident,  that  it  appears  rather  fingular 
that  it  ftiould  ever  be  doubted  ; for  as  by  the 
fyftole  of  the  heart  the  blood  is  firft  put  in 
motion,  if  the  blood  continues  to  move  through 
the  arteries  when  the  fyftole  of  the  left  ventricle 
ceafes,  that  motion  cannot  depend  on  the 
power  of  the  heart,  but  muft  be  occafioned  by 
fome  power  inherent  in  the  arteries  only,  by 
which  they  contract  themfelves,  and,  by  a con- 
ftant  action,  prefs  forward  the  blood  through 
their  cavities.  For  if  the  arteries  had  no  power 
of  di minifhing  their  cavities,  it  would  be  im- 
poflible  that  the  blood  Ihould  be  difeharged 
from  a wounded  artery  during  the  diaftole  of 

D 2 the 
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the  left  ventricle  of  the  heart. — Then  the 
manner  in  which  the  blood  is  difcharged  from 
a wounded  artery  will  not  only  prove  that  the 
arteries  do  dilate  and  contract,  but  will  with 
equal  certainty  explain  the  manner  of  their 
adtion  : for  inftance,  when  an  artery  is  wounded, 
the  ftream  of  blood  does  not  ftop  when  the 
fyftole  of  the  left  ventricle  ceafes,  but  continues 
with  diminifhing  velocity,  until  the  artery  is 
again  diftended  by  a frtfh  fupply  of  blood 
from  the  heart ; for  the  velocity  of  the  blood 
from  the  orifice  of  a wounded  artery  is  greatest 
at  that  inftant  when  the  whole  arterial  fyftem  is 
completely  diftended,  and  that  is,  tohen  the 
adtion  of  the  heart  is  exerted  with  fufficient 
power  to  difcharge  the  whole  contents  of  the 
left  ventricle  into  the  aorta.  From  which  it  is 
evident,  that  the  re-adtion  of  the  arteries  is  in 
proportion  to  the  degree  of  diftention  ; and 
when  the  whole  arterial  fyftem  is  in  the  full 
diaftole,  the  re-adlion  of  the  arteries,  and  the 
power  of  the  heart  which  dilated  them,  are 
perfectly  equal  to  each  other.  And  for  thefe 
reafons,  the  velocity  of  the  current  of  blood 
from  a wounded  artery  will  always  be  equal  to 

..  . the 
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the  aCtion  of  the  artery:  and,  as  was  before  ob- 
ferved,  the  aCtion  will  be  in  proportion  to  the 
degree  or  diftention  ; but  as  the  contraction  of 
the  artery  continues,  but  does  not  complete  tde 
vacuity  of  the  veflcl  before  the  returning  fyftole 
of  the  heart,  the  ft  ream  of  blood  from  a wounded 
artery  never  ceafes.  But  if  the  arteries  were 
perfectly  void  of  mufcular  pcrwer,  and  at  the 
fame  time  not  pofiefled  of  the  leaft  degree  of 
elafticity,  and  confequently  abfolutely  incapable 
of  either  being  diftcnded  or  contracted,  the 
whole  contents  of  the  arterial  fyftem  would  ne- 
ceflarily  remain  in  a quiefcent  ftate  during  the 
diaftole  of  the  left  ventricle  of  the  heart,  and 
the  blood  would  ceafe  to  move  in  a found 
artery,  or  flow  from  one  that  was  divided : 
therefore,  as  this  Ample  faCt  is  uniformly  the 
fame  in  every  inftance,  that  the  ftream  of  blood 
•'  from  a wounded  artery  continues  vvhilft  the  left 
ventricle  of  the  heart  is  in  its  diaftole,  it  not 
only  proves  that  the  arteries  do  contract,  but 
the  power  of  their  contraction  is  thereby  de- 
monftrated. 


To 
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To  afcertain  the  different  degrees  of  the 
power  of  the  arteries,  Dr.  Hales*  made  an 
experiment,  by  fixing  a perpendicular  glafs  tube 
into  one  of  the  carotid  arteries  of  a horfe,  in 
which  the  blood  afeended  the  higheft  when  the 
heart  contra&ed,  and  defeended  during  the 
fyftole  of  the  artery ; fo  that  the  weight  of  the 
column  of  blood  in  the  tube  was  in  every  in- 
ftance  equal  to  the  contra&ile  power  of  the 
arteries. 

Although  Haller-}-  has,  contrary  to  the 
opinion  of  Boerhaave  pofitively  aflerted  that 
the  coronary  arteries  are  never  fo  fituated  as  to 
admit  of  the  pofiibility  of  being  fhut  up  by  the 
femilunar  valves,  yet  I fuppofe  few  modern  ana- 
tomifls  who  have  attentively  examined  the  con- 
ftru&ion  of  the  parts  in  a variety  of  inftances, 
will  deny  that  fuch  inftances  do  fometimes  exift 


• See  Statical  ElTays,  by  Dr.  Hales, 
f Haller’s  Diflertation,  p.  29. 

X Boerhaave’s  Le&ures,  Vol.  II.  p.  153. 
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in  nature*,  and  where  the  apertures  of  the 
coronary  arteries  are  fo  fituated,  that  when  the 
femilunar  valves  recede  to  admit  the  blood 
from  the  left  ventricle,  they  fall  back  againft 
the  fides  of  the  aorta,  and  by  covering  the  en- 
trance into  the  coronary  arteries,  prevent  all 
communication  between  thefe  veflfels  during  the 
fyflole  of  the  ventricle.  But  when  the  diaftole 
of  the  ventricle  takes  place,  and  the  femilunar 
valves  approach  each  other,  to  prevent  the  re- 
turn of  the  blood  from  the  aorta ; then  the 
blood  being  prefled  by  the  contraction  of  the 
whole  arterial  fyftem  jj,  will  immediately  pafs 
into  the  open  mouths  of  the  coronary  arteries. 

But  if  the  arteries  did  not  contract  j when 
the  femilunar  valves  were  thus  fituated,  the 
coronary  arteries  could  not  be  fupplied  with 
blood,  which,  under  thefe  circumftances,  evi- 
dently proves  the  neceflity  of  the  fyflole  of  the 

D 4 arteries  $ 

|j  Whytt,  p.  24. — During  the  diaftole  of  the  heart,  all 
it3  coronary  vefifels,  which  were  in  a great  meafure  emptied 
by  the  preceding  fyftole,  are  filled  with  blood  violently 
jpulhed  into  them  by  the  contra&ion  of  the  aortsu 
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arteries  ; and  as  no  other  difference  but  the 
fituation  of  the  apertures  is  obferved  to  attend 
this  variety,  but  that  the  form,  the  fize,  and 
the  ftrength  of  the  coronary  arteries  are  per- 
fectly fimilar  in  both  infhnccs,  there  is  every 
reafon  to  conclude,  that  whether  the  blood  is 
impelled  by  the  fyftole  of  the  heart  or  the  fyftole 
of  the  arteries,  the  circulation  through  the  velfels 
of  the  heart  is  equally  perfect. 

The  next  confideration  is,  by  what  means 
this  contraction  of  the  arteries  is  performed  ; 
whether  by  an  inanimate,  or  what  has  generally 
been  termed  an  automatic  elafticity,  or  by  muf- 
cular  power:  and  the  complete  vacuity  that  takes 
place  in  the  arteries  after  death,  or  f when  the 
communication  with  the  heart  is  intercepted,  is 
perhaps  the  only  evidence  that  nature  will 
afford  on  this  important  qutftion.  If  the  muff 
cular  coat  of  the  arteries  had  never  been  dif- 
covered  or  defcribed,  their  fyftole  might  then 
have  been  attributed  to  the  former  of  thefe 
properties ; but  the  very  exiftence  of  mufcular 

fibres. 


■f  Boerhaave’s  Le&ures,  Vol.  II.  p.  23. 
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fibres,  when  we  attend  to  their  direction,  and 
the  nature  of  mufeular  adtion,  is  a powerful 
argument  in  fupport  of  a contrary  opinion : 
and  as  the  mufeular  coat  ot  the  arteries  may  be 
expofed  to  view  without  any  great  degree  of 
anatomical  fagacity,  I fhould  fuppofe  that  no 
one  will  venture  to  deny  its  exiilence. 

- , /,1  •;  t'  • 

Nor  will  the  arguments  that  Dr.  Whyttj]. 
has  advanced  to  prove  what  he  terms  the  ofcil- 
latory  motion  of  the  fmall  veffels,  more  fatif- 
factorily  explain  the  adhon  of  the  arteries,  which 
cannot  be  confidered  as  olciilatory  ; for  if  words 
have  any  precife  fignification,  this  is  to  fuppofe 
that  at  leaft  the  fmall  arteries  poffefs  in  them- 
felves  not  only  a power  of  contraction,  but  alfo 
a power  of  expanfion  : and  if  this  could  be  de- 
monftrated,  we  might  then  conclude,  that  the 
action  of  the  arteries  depended  alone  on  a prin- 
ciple of  elafticity  •,  but  as  the  only  power  -of 
the  arteries  is  a power  of  contraction,  their 
diaftole  muft  depend  on  the  power  of  the 
heart,  and  not  on  any  inherent  property  of  ex- 

panfion ; 


||  Whytt’s  Works,  p.  226.  feft.  2. 
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panfion ; for  if  the  fyftole  of  the  arteries  de- 
pended upon  elafticity,  as  the  final  contraction 
of  the  whole  arterial  fyftem  is  fo  complete,  that 
all  the  contained  blood  is  tranfmitted  into  the 

i 

veins,  when  no  frefh  fupply  of  blood  * can 
come  from  the  heart,  thefe  veficls  would  necef- 
farily  remain  in  the  fame  contracted  ftate  ; 
becaufe  when  there  was  no  power  to  counteract 
this  tendency,  the  arteries  would  be  contracted 
to  whatever  degree  their  power  of  contraction 
was  capable  of  exerting  its  influence;  and  as 
nothing  but  a complete  contraction  could  eva- 
cuate the  arteries,  as  they  are  found  perfectly 
empty  after  death  f,  it  is  certain  that  they  have 
been  completely  contracted,  otherwife  their 

vacuity 

* See  Haller’s  Diflertation,  p.  2 52.  or  Medical  Mu* 
feum,  p.  260.  a better  tranflation  of  Haller’s  original 
Paper. 

+ Haller’s  Diflertation,  p.  56. — This  phamomenon, 
perhaps,  is  the  caufe  that  deceived  the  ancients,  who 
imagined  that  the  arteries  contained  only  air.  And 
p.  58. — It  is  always  the  cafe  after  death,  that  the  arteries 
empty  themfelves  by  degrees,  until  at  laft  they  become  j 
abfolutely  white,  without  the  leaft  remains  of  blood. 
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vacuity  would  not  be  perfeCt,  but  fome  blood 
would  remain  in  their  cavities. 

Asd  as  the  arteries  are  not  found  in  a con- 
tracted ftate,  it  is  evident  that  their  power  of 
contraction  does  not  depend  on  elafticity  ; for 
when  the  blood  is  all  evacuated,  the  aCtion  of 
the  arteries  ceafes,  which  undoubtedly  proves  to 
demonftration  that  their  contraction  is  effected 
by  mufcular  power,  which  is  excited  into  aCtion 
by  the  ftimulus  of  the  blood. 

I shall  not  on  this  occafion  (agreeable  to  the 
example  of  Dr.  Whytt*)  attempt,  a priori , to 
fhew  the  aptitude  of  the  blood  to  aCt  as  a fti- 
mulus, or  to  enquire  into  the  nature  of  the 
animal  fibre,  to  prove  the  exiftence  of  fuch  a 
property  as  is  generally  underftood  by  what  is 
termed  the  irritability  of  the  arteries ; thefe 
will  appear  moft  indifputably  evident  by  their 
operations  and  effeCts : for  if  the  arteries  never 
ceafe  to  contract  fo  long  as  the  blood  remains 
in  their  cavities,  and  as  foon  as  the  blood  is  im- 
pelled 


• See  Whytt’s  Works,  p.  228,  229. 
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pelled  into  the  veins,  their  a&ion  ceafes,  and 
they  become  perfe&ly  pafiive,  relaxed,  and 
flaccid  , this  may  certainly  be  confidered  as  a 
clear  demonftration  that  the  contents  of  the 
arteries  occabon  the;r  cmtradion,  by  exciting 
the  adlion  of  their  mufcular  fibres,  in  the  fame 
manner  as  the  blood  in  the  ventricles  occafions 
the  contrablion  of  the  heart:  and  thus  the  fyf- 
tole  of  the  heart  and  the  fvftole  of  the  arteries 
depend  on  principles  perfedtiy  analogous  to 
each  other  j for  the  heart  and  arreries  are  both 
mufcular,  and  in  both  inftances  their  mufcles 
conftantly  ad  in  the  diredion  of  their  fibres 
when  the  blood  is  prefent,  and  immediately 
ceafe  to  ad  when  the  blood  is  evacuated, — But 
as  the  arteries  have  not  time  to  complete  their 
vacuity  before  the  returning  fyftole  of  the  heart, 
the  remaining  quantity  of  blood  will  continue 
to  excite  the  adion  of  their  mufcular  fibres, 
which  will  prevent  a ceffation  of  their  contrac- 
tion fimilar  to  the  diaftole  of  the  heart ; and  in 
this  circumftance,  the  motion  of  the  heart  and 
the  motion  of  the  arteries  differ  from  each 
other,  for  the  diaftole  of  the  arteries  does  nor, 
like  the  diaftole  of  the  heart,  depend  on  relaxa- 
tion 
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tion  from  the  want  of  excitement ; but  is  occa- 
fioned  by  a quantity  of  blood  impelled  from 
the  heart  overcoming  their  refiftance,  and  for- 
cibly diftending  their  cavities  ; and  as  the  power 
by  which  the  arteries  contract  themfelves  will 

be  found  confiftent  with  the  nature  of  mufcular 

/ 

motion,  when  compjred  with  the  powers  and 
properties  of  other  mufcles,  it  is  evident  that 
the  proper  adtion  of  the  arteries  is  perfectly 
mufcular. 

These  arguments  wiil  alfo  receive  additional 
evidence  from  the  phenomena  of  lome  dif- 
eafes-,  for  if  the  powers  of  nature  admit  of  the 
poffibility  that  one  part  only  of  the  arterial 
fyftem,  and  perhaps  fometimes  only  a fingle 
ramification,  or  even  only  a part  of  a vefTel  is 
fo  affected,  that  the  natural  adtion  is  morbidly 
increafed,  (as  in  cafes  of  local  inflammation, 
when  the  adtion  of  the  veflels  of  the  part 
affedted,  and  confequently  the  momentum  of 
the  contained  fluids  is  fupernaturally  increafed, 
and  when  at  the  fame  time  the  adtion  of  the 
heart,  and  every  other  part  of  the  vafcuhr 
fyftem  does  not  exceed  the  healthy  ftandard) 

the 
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the  refult  muft  be,  that  that  increafed  action 
cannot  be  occafioned  by  the  power  of  the 
heart,  but  muft  depend  on  fome  power  then 
only  exifting  in  that  degree  in  thofe  arteries  that 
are  in  a ftate  of  inflammation,  and  confequently 
that  not  only  the  heart  itfelf,  but  every  part  of 
the  whole  arterial  fyftem,  does  poflefs  the  fame 
property  that  influences  their  action* 

What  this  property  is,  would  probably  be 
difficult  to  determine;  at  leaft,  if  we  look  back 
fo  far,  and  it  is  to  be  confidered  as  an  original 
property  of  animated  matter.  But  if  a certain 
limitation  is  attended  to,  the  laws  that  govern 
the  animal  fundtions  may  be  made  fuffic.iently 
evident,  although  the  nature  of  the  caufe  ftill 
remains  unintelligible.  For  the  power  is  made 
evident  by  its  effedts ; and  to  be  certain  of  the 
exiftence  of  the  fadt,  is  fufficient  for  the  prefent 
occafion. — The  queftion  then  is,  whether,  in 
cafes  of  inflammation,  the  adtion  of  the  arteries 
exceed  the  healthy  ftandard,  and  whether  in- 
flammation is  ever  limited  ? and  both  thefe  fadts 
are  fo  well  known,  and  fo  univerfally  admitted, 
that  it  muft  appear  rather  fuperfluous  to  point 

out 
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out  a fingle  inftance;  but  as  the  ftate  of  the 
arteries  is  particularly  evident  in  an  inflamma- 
tory (late  of  the  tunica  conjunctiva,  this  inftance 
is  well  worthy  of  obfervation,  and  more  fo,  as  in 
all  probability  the  hypothelis  that  fuppofes  that 
an  error  loci  was  the  caufe  of  inflammation, 
firft  originated  from  this  phenomenon ; and 
alfo  as  Dr.  Whytt*  has  made  ufe  of  fimilar 
arguments  nearly  on  the  fame  occafion  : and 
though  he  has  committed  fome  -very  confider- 
able  errors,  yet  what  he  has  written  on  this 
fubjeCt  has  met  with  very  extenfive,  if  not 
general  approbation.  When  treating  of  the 
motion  of  the  blood-veflels,  he  fays,  “ The 
“ diaftole  j-  of  the  arteries,  like  thediaftole  of  the 
“ heart,  is  owing  to  the  blood  being  pufhed  into 
“ their  cavities  with  a confiderable  force;”  but 
does  not  explain  from  whence  that  force  pro- 
ceeds: and  then  he  adds,  “That  befides  the 
“ alternate  diaftole  and  fyftole  of  the  larger 
“ arteries,  which,  in  a great  meafure,  depend 
“ upon  the  proje&ile  force  of  the  heart,  and  the 
“ clafticity  of  their  coats,  there  is  a vibrating  or 

“ ofcillatory 

• Whytt’s  Works,  p.  53.  f ibid,  p,  213—226. 
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*t  ofcdktory  motion  in  the  inferior  orders  of 
<l  veffels,  to  which  the  diredt  force  of  the  heart 
“ does  fcarcely  reach,  and  where  elaflicity  is  not 
“ concerned.”  And  afterwards  we  find  a whole 
fedtion  J employed  in  attempting  to  prove  by 
mathematical  demonftrations,  that  the  power 
of  the  heart  is  not  fufficient  to  continue 
the  motion  of  the  blood  through  the  fmall 
veffels. 

Nothinc  can  be  more  evident,  than  that  the 
.diaflole  of  the  heart  and  the  diaftole  of  the  ar- 
teries are  both  occafioned  by  the  influx  of 
blood  into  their  cavities  •,  but,  as  has  been  be- 
fore obferved,  they  are  very  different  from  each 
other : for  as  the  arteries  are  never  empty,  and 
as  their  contraction  depends  on  the  prefence  of 
the  blood,  they  are  conflantly  in  a contradt- 
ing  lfate,  and  require  a power  fuperior  to  that 
by  which  they  do  contract,  to  overcome  their 
refiftance  •,  but  as  the  cavities  of  the  heart  are 
nearly,  if  not  completely  emptied  at  every  fyftole, 
the  caufe  of  adtion  being  removed,  the  heart 

after 
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after  every  fyftole  becomes  inattive,  relaxed * and 
flaccid,  and  confequently  gives  very  little  refift- 
ance  to  the  influx  of  the  blood,  which  is  aifo 
much  facilitated  by  the  mechanifm  of  the  heart 
itfelf.  The  bufmefs  of  the  auricles  is  firft  to 
receive  the  venal  blood,  the  right  from  the  two 
cavas,  the  left  from  the  pulmonary  veiri  j and 
as  much  lefs  power  is  neceflfary  in  the  right 
auricle  to  fill  the  right  ventricle,  than  for  the 
right  ventricle  to  force  it  through  the  lungs— 
and  in  the  left  auricle  to  fill  the  left  ventricle, 
than  for  the  left  ventricle  to  force  the  blood 
through  the  whole  body,  it  is  reafonable  to 
fuppofe  (what  is  evident  in  the  conftru&ion)  that 
the  mufcular  power  of  the  auricles  is  much  in- 
ferior to  the  mufcular  power  of  the  ventricles  ; 
and  confequently  that  the  auricles  will  give 
much  lefs  refiftance  to  the  influx  of  the  blood, 
than  if  it  was  firft  received  into  the  ventricles; 
And  though  it  would  be  difficult  to  afcertain 
what  degree  of  power  would  be  neceflfary  to 
overcome  this  refiftance,  it  cannot  be  fuppofed 
to  amount  to  what  may  with  propriety  be  called 
confiderable  force,  when  compared  to  the  force 
with  which  the  blood  enters  the  aorta  j for  if 

E the 


£ 5 <5  J 

the  motion  of  the  blood  alone  depends  on  thf 
power  of  the  heart,  the  momentum  muft  un- 
doubtedly be  diminifhed  by  fricSlion  and  other* 
caufes,  before  it  ai  rives  at  the  right  fide  of  the 
heart.  But  if  the  inferior  order  of  veffels  (to 
which  we  are  told  the  direCt  force  of  the 
heart  does  fcarcely  reach)  poffefs  an  additional 
power  of  propelling  the  blood,  it  may  then  be 
poflible  that  the  momentum  of  the  blood  in 
the  vena  cava  may  exceed  the  momentum  of 
the  blood  in  the  aorta. 

But  if  this  ofcillatory  motion  is  the  effeCt  of 
muicular  motion,  and  the  mufcular  fibres  of 
thefe  veffels  are  excited  into  a&ion  by  the 
ftimuius  of  the  circulating  fluids,  they  muft 
either  be  in  a ftate  of  conftant  contraction,  or 
muft  empty  themfelves  at  intervals  before  they 
can  become  diftended  *,  and  being  once  eva- 
cuated, the  frefh  fupply  of  blood,  which  can 
only  come  from  the  larger  arteries,  muft  necef- 
fariiy  be  forced  forward  by  the  power  of  the 
heart  and  larger  arteries : and  as  Dr.  Whytt  has 
not  attempted  even  to  fuppofe  by  what  means 
the  dilatation  of  the  fmall  veffels  is  performed, 

wc 
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we  may  fafely  conclude,  that  the  fmall  veflels 
do  not  pofiefs  any  inherent  power  of  dilating 
themfelves,  more  than  the  larger  arteries  •,  and 
that,  agreeable  to  the  mechanifm  of  the  vafcular 
fyftem,  there  is  but  one  method  by  which  both 
the  large  and  fmall  arteries  can  properly  be 
dilated,  and  that  is,  the  vis  a tergo  that  origi- 
nates in  the  power  of  the  left  ventricle  of  the 
heart. 

And  as  this  inferior  order  of  fanguiferous 
veflels  to  which  the  diredt  force  of  the  heart 
does  fcarcely  reach,  have  never  yet  been  either 

difcovered  or  defcribed  : this  dodtrine  of  ofcil- 

% 

latory  motion  (where  it  is  faid  that  even  elafticity 
is  not  concerned)  is  not  only  contrary  to  every 
known  law  of  the  animal  ceconomy,  but  there  is 
no  part  of  the  whole  vafcular  fyftem  where  the 
caufe  of  its  motion  is  not  demonftratively  evi- 
dent, without  the  necefiity  of  any  fuch  unintel- 
ligible hypothefts. 


E 


SECT. 


SECT.  V. 


Of  the  Effefls  of  Bleeding. 

J^ROM  what  has  been  faid  in  the  preceding 
Sections,  it  appears  that  the  whole  arterial 
fyftem  is  in  an  a&ive  and  contrafling  date,  fo  long 
as  the  blood  remains  therein,  and  confequently 
the  capacity  of  the  arteries  muft  always  be  in 
proportion  to  the  quantity  of  blood  which  they 
contain  j and  though  they  will  admit  of  dif- 
ferent degrees  of  diftention,  without  doubt  there 
is  a certain  degree,  beyond  which  if  they  are 
dilated,  they  lofe  their  power  of  adlion,  of  which 
we  have  frequent  inftances  in  cafes  of  aneu- 
ryfm. 

In  order  therefore  to  preferve  health,  or  to 
cure  difeafe,  it  is  necefTary  that  an  exaft  equi- 
librium fhould  be  preferved  or  reltored  between 
the  different  a&ing  powers  of  the  animal  ma- 
chine j and  with  this  intention,  when  the  vaf- 
cular  fyftem  is  too  much  diftended,  either  by  too 

great 
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great  a quantity  of  blood,  or  the  aCtion  of  the 
arteries  is  increafed  by  inflammation,  it  is  then 
directed  to  diminifh  the  quantity  of  blood  by 
phlebotomy,  and  there  is  no  doubt  but  the 
whole  quantity  of  blood  will  be  diminilhed  in 
proportion  to  the  quantity  that  is  taken  away; 
and  as  the  quantity  of  blood  may  be  reduced  to 
any  degree  by  bleeding,  this  will  confequently 
prove  the  moft  expeditious  method  of  correct- 
ing plethora : but  as  frequent  bleeding  has  a 
powerful  tendency  to  promote  a difpofition  to 
plethora,  this  * ftate  of  the  conftitution  will  be 
more  effectually  corrected  by  a proper  manage- 
ment of  diet,  exercife,  and  fleep;  and  the  lancet 
fhould  never  be  ufed  except  there  is  reafon  to 
apprehend  that  fome  immediate  danger  will 
occur  in  confequence  of  the  fulnefs  of  the  vef- 
£els,  or  that  the  plethora  is  connected  with  an 
inflammatory  tendency ; and  it  is  the  concur- 
rence of  thefe  two  circumftances  that  eftablifhes 
the  neceffity  of  phlebotomy — for  f inflammation 

E 3 alone, 

• Cullen’s  Practice  of  Phyfic,  Vol.  II.  p.  167—170. 

\ Dr.  Smith  fays,  “It  may  happen,  that  even  in  in- 
ktfiautory  difeafes,  efpecially  when  they  have  been  of 
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alone,  when  not  attended  with  a tenfion  of  the 
arteries,  no  more  authorizes  the  ufe  of  the 
lancet  than  plethora  without  inflammation,  as 
the  inflammation  may  be  corrected  by  internal 
medicines  with  lefs  difadvantage  to  the  patient’s 
conftitution.  But  here  it  will  be  neceflary  to 
obierve,  that  there  are  frequent  inftances  of 
local  inflammation  conne&ed  with  local  ple- 
thora, where  the  fyftem  is  not  generally  affected, 
and  which  equally  require  the  ufe  of  the  lancet; 
and  as  inflammation  attended  with  plethora  is 
not  only  fometimes  perfectly  local,  but  in  moft 
inftances  there  is  one  diftinft  part  that  is  more 
immediately  affe&ed,  and  where  the  difeafe  firft 
originated,  it  has  been  thought  more  efficacious 
to  make  the  evacuation  from  thofe  veflels  that 
were  moft  contiguous  to,  and  were  fuppofed  to 
be  more  intimately  connected  with  that  part 
which  was  the  feat  of  the  difeafe,  with  an  inten- 

tior> 
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fi*me  4ays  continuance,  blood-letting  may  prove  injurious; 
for  if  the  pulfe,  inftead  of  being  full,  high,  and  tenfe, 
fhould  be  low,  weak,  and  foft,  it  will  be  expedient  to  ex- 
cite rather  than  lower  the  vis  vitas : and  cordials  in  this 
cafe  will  be  the  bed  remedies  to  refolve  the  in.flammae 
(ion.”— See  Phyfiological  Effays,  p.  126, 
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tion  of  inviting  the  blood  to  or  from  different 
parts  of  the  body,  as  the  circumftances  of  parti- 
cular cafes  might  require. 

But  as  our  knowledge  of  anatomy  has  im- 
proved, thefe  opinions  have  been  lefs  attended 
to*,  and  the  different  methods  that  are  now 

\ 

retained  in  practice  are  bleeding  in  the  arm, 
opening  the  temporal  artery,  cupping,  leeches, 
and  fometimes  bleeding  in  the  foot,  in  cafes  of 
fuppreflion  of  the  menfes. 

Bleeding  in  the  arm  is  moil  in  ufe;  and  I 
am  of  opinion,  that  it  will  not  be  difficult  to 
prove  that  this  method  will  anfwer  every  inten- 
tion, and  prove  preferable  on  every  occafion 
where  an  evacuation  of  blood  is  neceffary ; and 
though  in  fome  cafes,  taking  away  a fufficient 
quantity  of  blood  by  any  one  of  the  above  me- 
thods may  be  productive  of  evident  good  effeCts, 
yet  as  the  objeCt  of  bleeding  is  to  diminifh  the 
aCtion  of  the  vafcular  fyftem,  and  the  mo- 
mentum of  the  blood — and  as  this  does  not 
alone  depend  upon  the  quantity  that  is  eva- 
cuated, but  alfo  in  a confiderable  degree  upon 
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the  expedition  with  which  the  evacuation  is 
made,  and  on  the  part  from  which  the  blood  is 
taken,  that  method  will  without  doubt  be 
thought  preferable  by  which  the  power  of  the 
valcular  fytlem  is  moil  diminifhed,  with  the 
leaft  lofs  of  blood.  Dr.  Cullen  * obferves, 
tf  That  when  blood-letting  is  necelfary,  it  is 
“ more  effectual,  as  the  blood  is  more  fuddenly 
“ drawn  off:”  and  Huxham  j-  not  only  men- 
tions the  advantage  of  making  a large  orifice, 
but  fays,  that  in  iome  inftances  he  has  ieen  fur- 
prifing  good  effedls  from  bleeding  in  both  arms 
at  once.  But  to  make  the  truth  of  thefe  ob- 
servations appear  more  evident,  it  will  be  necef- 
fary  to  examine  how  the  motion  of  the  blood  is 
immediately  afledted  by  the  difeharge  from  3 
pundtured  veflel. 

If  then,  as  has  been  fhewn  by  Haller,  3 
ligature  was  made  on  the  fuperior  and  inferior 
cava  j;,  the  motion  of  the  heart  would  imme- 
diately . 

• Cullen’s  Prattice  of  Phyfic,  Vol.  I.  p.  115. 
f Huxham  on  Fevers,  p.  178—184. 
t Haller’s  Diflertation,  p.  153.  . 
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lately  ceafe,  and  the  arteries  would  be  no  longer 
fupplied  with  blood  j and  as  the  arteries  would 
continue  to  contract  fo  long  as  the  blood  re*- 
mained  in  their  cavities,  the  arteries  would  im- 
mediately empty  themfelves,  and  all  the  blood 
would  be  accumulated  in  the  venal  fyftem. 
This  evidently  proves,  that  the  power  with 
which  the  veins  contraft  is  inferior  to  the 
power  of  the  arteries  j on  which  account  the 
venal  fyftem  becomes  a more  fit  refervoir  to 
receive  the  blood  from  the  arteries,  and  to  fup- 
ply  the  heart. 

Then  as  the  power  of  the  heart  will,  ceteris 
paribusj  depend  on  the  quantity  of  blood  that 
comes  from  the  cava,  that  power  will  be  dimi- 
nifhed  in  proportion  to  the  diminution  of  the 
fupply  of  blood  to  the  right  fide  of  the  heart: 
and  when  in  cafes  of  inflammation  the  adlion  of 
the  arteries  is  increafed,  they  will  confequently 
contain  lefs  blood,  and  a greater  quantity  will 
be  accumulated  in  the  veins ; and  therefore  the 
moft  efft'&ual  method  of  reducing  the  mo- 
mentum of  the  circulation  will  be  to  diminifti 
the  quantity  of  blood  in  the  cava,  and  as  the 
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greateft  part  of  the  blood  that  is  diftributed  to 
the  arm  may  be  prevented  returning  to  the 
cava  by  a ligature,  and  evacuated  by  an  orifice 
in  any  of  the  veins  in  the  bend  of  the  arm  as 

fall  as  thofe  veins  are  fupplied  by  the  arteries  j 

% * 

this  will  not  only  be  found  to  be  the  molt  con- 
venient parrfor  the  operation,  but  as  any  given 
quantity  of  blood  may  be  difcharged  from  a 
vein  in  the  arm  in  lefs  time  than  from  any  other 
part  of  the  body,  this  will  alfo  prove  the  mod 
.effectual  method  of  diminifhing  the  accumula- 
tion of  blood  in  the  cava,  and  the  power  with 
which  the  blood  enters  the  right  auricle  of  the 
heart,  and  confequently  of  diminifhing  the  power 
of  the  heart,  and  the  momentum  of  the  blood, 
in  every  part  pf  the  vafcular  fyftem. 

By  way  of  illuftration,  let  us  fuppofe  that  by 
a large  orifice  in  the  arm  a pound  of  blood  is 
taken  away  in  one  minute,  as  the  blood  which 
is  evacuated  would  have  pafied  forward  to  the 
heart  if  the  vein  had  not  been  opened,  the 
quantity  of  blood  that  is  returned  to  the  heart 
during  the  operation  will  be  lefs  in  nearly  equal 
proportion  to  the  quantity  difcharged : then  as 
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it  leldom  happens  that  there  is  any  confiderable 
degree  of  general  inflammation  without  fome 
degree  of  fever,  luppofe  the  number  of  pulfa- 
tions  of  the  heart  amounted  to  eighty  in  a mi- 
jpute— and  let  it  alfo  be  fuppofed  that  two 
ounces  of  blood  palled  the  heart  at  every  pulfa- 
tion — according  to  this  prepofition,  ten  pounds 
of  blood  would  pafs  the  heart  in  one  minute, 
the  time  propofed  for  the  expeditious  compleat- 
ing  of  the  operation  ; and  thus  as  a pound  of 
blood  is  taken  away  from  a vein  during  the 
time  that  ten  pounds  of  blood  is  palling  the 
heart,  either  a lefs  quantity  of  blood  mult  pafs 
the  heart  at  every  puliation  during  the  opera- 
tion, or  the  pulfations  be  lefs  frequently  per- 
formed ; and  Haller  f informs  us,  that  the  fre- 
quency of  the  pulfations  is  not  immediately  in- 
fluenced by  bleeding:  but  as  this  is  an  experi- 
ment 

i Haller  fays,  “ In  a continual  fever,  many  of  which, 
and  very  troublefome  ones,  I laboured  under  at  Gottin- 
gen, I was  blooded  ; before  the  operation,  my  pulfe  had 
izz  pu  fations  in  a minute;  it  retained  the  fame  velocity 
during  the  operation,  and  after  it  was  finilhed.” — Dilfcr- 
tation,  p.  9^, 


rnent  that  may  be  eafily  repeated,  thofe  who 
have  any  doubts  may  fatisfy  themfelves  by  their 
own  obfervations.  Then  if  the  pulfations  con- 
tinue to  be  performed  in  the  fame  time,  a kfs 
quantity  of  blood  will  be  received  into  the  dif- 
ferent cavities  of  the  heart  during  their  diaftole, 
and  confequently  a lefs  quantity  will  be  im- 
pelled into  the  aorta  at  every  fyftole  of  the  left 
ventricle,  and  the  arteries  will  be  lefs  powerfully 
diftended.  But  if  under  the  fame  circumftances, 
as  before  flated,  the  fame  quantity  of  blood 
was  by  a fqiall  orifice  evacuated  in  four  mi- 
nutes, as  the  quantity  of  blood  that  would  pafs 
the  heart  in  four  minutes  would  be  four  times 
the  quantity  that  would  pafs  the  heart  in  one 
minute,  the  power  of  the  heart  would  without 
doubt  be  diminifhed  in  much  lefs  proportion ; 
and  although  thefe  arguments  will  not  admit  of 
demonftrative  proof  in  favour  of  the  conclufion 
that  is  drawn  from  them,  it  will  be  right  to 
confider,  that  an  expeditious  evacuation  of 
blood  will  more  frequently  produce  fainting 
than  a flow  one. 
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Then  if  by  taking  away  any  given  quantity 
of  blood  by  a large  orifice,  the  power  of  the 
heart  and  arteries  will  be  as  much  reduced  as  if 
double  the  quantity  was  evacuated  with  lefs  ex- 
pedition, the  farft  method  muft  appear  prefer- 
able to  the  latter*  becaufe  it  will  not  fo  much 
reduce  the  flrength  of  the  fubjeCt  3 and  that  re- 
duction of  ftrength  which  is  occafioned  by  a 
great  lofs  of  blood  is  not  very  eafily  recovered, 
but  is  frequently  productive  of  very  difagree- 
able,  if  not  fatal  confequences.  The  queftion 
then  is,  in  cafes  where  bleeding  is  neceffary,  to 
afcertain  with  accuracy  how  much,  and  only 
how  much,  ought  to  be  taken  away — and  in 
fome  cafes  this  will  be  a very  difficult  point  to 
determine.  To  take  away  rather  too  much 
blood  will  be  erring  on  the  fafe  fide ; and  there 
are  but  few  inftances  where  the  lols  of  three  or 
four  ounces  of  blood  more  than  the  nature  and 
circumftances  of  the  difeafe  may  abfolutely  re- 
quire, will  prove  very  prejudicial  to  the  confti- 
tution  : but  if,  inftead  of  a few  ounces,  pounds 
of  blood  are  unneceflfarily  taken  away,  this  be- 
comes an  objeCl  of  great  importance;  and  fb 
large  an  evacuation  of  the  vital  fluids  ought  not 
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to  be  ventured  upon  without  ^ery  attentive  and 
ferious  confideration. 

I hope  it  will  how  appear  evident,  that  by  a 
large  orifice  in  one  of  the  veins  in  the  bend  of 
the  arm,  or,  according  to  Huxham’s  method,  in 
both  arms  at  the  fame  time,  the  impetus  of 
the  circulation  may  be  reduced  to  any  degree, 
with  the  leaft  diiadvantage  to  the  animal  oeco- 
nomy,  and  fo  as  belt  to  promote  the  intention 
Of  correcting  every  kind  of  morbid  affedion 
where  bleeding  is  particularly  indicated.  It  re- 
mains, that  we  examine  the  nature  of  topical 
bleeding  *,  and  I fhall  firft  confider  the  effeds  of 
opening  the  temporal  artery.  The  difeafes  that 
are'fuppofed  to  require  this  operation  depend 
on  affedions  of  the  brain ; fuch  as  in  cafes  of 
apoplexy,  in  concufiions  and  compreffions 
of  the  brain  from  external  injury,  &c. — 
And  even  in  fuch  inftances,  if  the  intention  is 
to  prevent  or  diminifh  the  increaled  adion  of 
the  vefTels  of  the  brain,  bleeding  in  the  arm 
will  be  more  advantageous  than  opening  the 
temporal  artery.  It  has  been  before  fhewn, 
that  bleeding  in  the  arm  will  moft  expeditioufly 
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diminifh  the  power  of  the  heart  * and  as  this  is 
effected  by  diminifhing  the  fupply  of  blood  to 
the  heart,  confequently  the  didribution  of  blood 
to  all  parts  of  the  arterial  fydem  will  be  dimi- 
nilhed  in  proportion,  and  a lefs  quantity  of 
blood  will  be  fent  to  the  brain.  But  in  addi- 
tion to  thefe  effects,  (which  are  common  to  all 
parts  of  the  body)  the  plethoric  date  of  the 
fmufes  of  the  dura  mater  will  be  mod  efFe&ually 
corrected  by  diminishing  the  quantity  of  blood 
in  the  cava;  for  as  there  is  a perfectly  free 
communication  between  the  finufes  of  the  dura 
mater  and  the  Superior  cava,  their  degree  of 
plenitude  will  be  nearly  equal  when  the  body  is 
in  a horizontal  pofition,  but  in  an  ereCt  pofition 
the  blood  will  prefs  downward  by  the  power  of 
gravity,  and  confequently  the  preffure  on  the 
brain  will  be  thereby  diminished ; and  for  this 
reafon  it  is  proper,  in  all  plethoric  affeCtions  of 
the  brain,  to  keep  the  body  in  an  ereCt  pofition. 
It  is  well  known  that  the  finufes  of  the  dura 
mater,  in  a natural  date,  contain  a confiderable 
quantity  of  blood — if,  then,  the  capacity  of  the 
cranium  is  a little  diminifhed  by  a depreflions 
which  is  fo  occult  that  it  cannot  be  difeovered 
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with  fufficient  certainty  to  authorize  the  appli- 
cation of  the  trepan,  and  the  brain  itfelf  is  no 
otherways  affe&ed  but  by  the  corrpreflion,  there 
cannot  be  a more  fpeedy  and  effectual  method 
of  giving  room  to  the  brain,  than  by  diminifh- 
ing  the  quantity  of  blood  in  the  finufes  of  the 
dura  mater,  by  an  evacuation  from  the  arm  j 
and  if  the  brain  fhould  alfo  be  affedVed  by  in- 
flammation, the  neceffity  of  bleeding  will  be 
increafed. 

But  to  return  to  the  effects  of  arteriotomy.— 
When  the  temporal  artery  is  opened,  the  refift- 
ance  to  the  progrefs  of  the  blood  through  the 
external  carotid  artery  becomes  lefs  confider- 
able,  and  the  velocity  of  the  blood  in  the  ex- 
ternal carotid  artery  will  be  increafed  in  propor- 
tion as  the  refiftance  is  diminifhed;  fo  that  a 
larger  quantity  of  blood  will  pafs  through  this 
branch  during  the  evacuation,  than  before  the 
temporal  artery  was  divided— -but  nearly  the 
fame  quantity  of  blood  will  continue  to  pafs 
through  the  internal  branch  of  the  carotid  artery 
to  the  brain : for  the  quantity  that  pafies  the 
internal  carotid  artery  will  not  be  diminifhed  in 

proportion 


[ 6S  } 

proportion  to  the  increafed  quantity  that  pafies 
the  external  branch,  but  in  the  proportion  that 
the  incr^.led  quantity  bears  to  the  diftribution 
of  blood  to  every  part  of  the  arterial  fyfteqi ; 
for  as  the  prelfure  of  the  blood  in  the  carotid 
artery  at  the  origination  of  the  internal  and  ex- 
ternal branch  is  the  fame  in  all  dire&ions,  the 
quantity  that  enters  each  vefiel  will  be  in  pro- 
portion to  the  area  of  their  tranfverfe  fedtions, 
and  the  degree  of  rehftance.  And  as  the  refift- 
ance  to  the  blood  in  the  internal  branch  of  the 
carotid  artery  that  leads  to  the  brain  is  neither 
increafed  nor  diminilhed  by  opening  the  temporal 
artery,  the  quantity  of  blood  that  is  fent  to  the 
brain  will  not  be  immediately  influenced  by  the 
evacuation  : but  as  a greater  quantity  will  pafs 
through  the  external  branch,  where  the  natural 
reflftance  is  diminilhed  by  the  divifion  of  the 
temporal  artery,  an  increafed  proportion  -of 
blood  will  enter  the  carotid  artery;  ansLdtfnfe- 
quently,  during  the  time  that  the  blood  con- 
tinues to  flow  from  the  temporal  artery,  the 
diftribution  of  the  blood  to  the  carotid  artery 
will  be  increafed,  and  proportionably  diminilhed 
with  refpect  to  every  other  part  of  the  arterial 
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fyftem,  and  the  different  veffels  will  adapt  them* 
felves  to  the  different  proportionate  quantities ; 
and  every  artery  will  become  contradtedi  in  pro- 
portion to  the  diminifhed  diffcribution  of  blood, 
except  the  carotid  artery,  which  will  at  lead 
preferve  the  fame  dimenfions  as  before  the  oper- 
ation, if  not  become  more  dilated,  as  this  veffel 
will  receive  an  additional  quantity  of  blood 
whilft  the  evacuation  from  the  temporal  artery 
is  continued : fo  that  when  the  intended  quan- 
tity of  blood  is  evacuated,  and  a bandage  is 
applied  to  flop  the  orifice  in  the  veffel,  the 
blood  will  not  only  ceafe  to  flow  out  at  the 
orifice,  but  the  temporal  artery  will  be  com- 
pletely obliterated  by  the  preffure  of  the  com- 
prefs,  and  confequently  a greater  proportion  of 
blood  will  pafs  the  internal  carotid  to  the 
brain  for  fo  long  a time  after  the  operation, 
until  the  vyhole  arterial  fyftem  fhall  have  reco- 
vered a date  of  equal  adtion,  with  the  lofs  of  a 
branch  of  the  external  carotid  artery. — For  as 
the  carotid  artery  was  before  the  operation  ac- 
cuftomed  to  tranfmit  a proper  fupply  of  blood 
both  for  the  external  and  internal  branches, 
fhjs  veffel  will  (till  be  in  a ft^te  tQ  receive  it* 
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tribal  quantity  of  blood,  whilft  every  other 
artery  will,  during  the  operation,  have  been 
accuftomed  to  receive  a lefs  quantity;  and  as 
the  blood  cannot  pafs  the  temporal  artery  after 
the  operation,  every  other  ramification  of  the 
carotid  artery  will  receive  an  additional  fupply 
of  blood  : and  thus  the  internal  carotid  will 
convey  a larger  quantity  of  blood  to  the  brain, 
immediately  after  the  temporal  artery  is  clofed, 
than  what  palled  to  the  brain  before  the  opera- 
tion took  place  and  for  thefe  reafons  the  only 
good  effieds  of  opening  the  temporal  artery  in 
morbid  affedions  of  the  brain  will  be  to  relieve 
the  plethora,  by  diminilhing  the  quantity  of  the 
whole  rr.afs  of  blood,  but  by  a method  the  molt 
difadvantageous  to  that  part  which  is  the  feat  of 
the  difeafe.  The  fame  reafoning  may  be  ufed 
to  explain  the  effeds  of  the  lofs  of  blood  that  is 
occafioned  by  the  operation  of  fcalping;  in  this 
inftar.ee  the  haemorrhagy  is  principally  arterial, 
and,  during  the  difcharge,  the  effed  will  be 
perfectly  fimilar  to  what  is  occafioned  by  open- 
ing the  temporal  artery ; and  the  obftrudion 
that  takes  place  when  the  haemorrhagy  ceafes, 
will  be  produdive  of  fimilar  effeds,  and  in  a de- 
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gree  equal  to  the  extent  of  the  operation.—* 
Then  if  the  operation  is  very  extenfive,  and  a 
great  number  of  velfels  are  divided,  the  quan- 
tity of  blood  that  will  pafs  through  the  external 
branch  of  the  carotid  artery,  after  the  operation 
is  completed,  and  the  extremities  of  thofe  vef- 
fels  are  become  obftrufted,  will  be  confiderably 
lefs  than  what  palled  when  the  parts  were  in  a 
found  date,  and  confequently,  as  has  been  Ihewn 
before,  immediately  after  the  operation  the 
quantity  of  blood  that  is  fent  to  the  brain  wiU 
be  proportionably  increafed  ; therefore,  if  the 
power  of  the  heart  and  arteries  has  not  been 
fufficiently  reduced  by  the  lofs  of  blood  in  con- 
fequence  of  the  operation,  the  neceflity  of 
taking  a proper  quantity  from  the  arm  by  a 
large  orifice,  mull  appear  too  evident  to  requirq 
any  further  arguments. 

\ 

What  has  been  faid  of  the  effedls  of  opening 
arteries,  will  be  found  in  a great  meafure  appli« 
cable  to  the  Hate  of  the  arterial  fyflem  in  cafes 
of  htemorrhagy ; but  in  addition  to  thefe  cir«. 
cumftances  in  cafes  of  haemorrhagy,  there  is 
generally  an  increafed  a&ion  of  the  ruptured 
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vefiels,  depending  upon  a phlogiftic  affedion. 
This  increafed  adion  frequently  precedes  the 
rupture,  and  is  indicated  by  a heat  and  fenfe  of 
fulnefs  in  the  part  affeded,  which  continue  in- 
creafing  until  the  vefiels  can  no  longer  refill, 
and  confequently  give  way  tp  the  prelfure  of 
the  contained  fluids.  Then  when  one  veffel  or 
more,  as  it  may  happen,  become  ruptured,  the 
blood  will  meet  with  lefs  refinance  in  thofe 
vefiels,  than  in  the  other  parts  of  the  arterial 
fyltem ; and  an  increafed  proportion  of  blood 
will  pafs  the  ruptured  vefiels,  and  every  other 
artery  will  contrad  in  proportion  to  the  diminu- 
tion of  the  quantity  of  blood  that  it  receives.' 
It  will  be  alfo  evident,  that  the  longer  the  has- 
morrhagy  continues,  the  greater  will  be  the 
degree  of  this  contradion  ; and  if  the  difeafe  is 
left  to  nature,  the  difcharge  will  continue  until 
the  prefiure  of  the  blood  in  the  arteries  becomes 
inferior  to  the  refinance  of  the  ruptured  vefiels: 
The  queftion,  as  propofed  by  Dr.  Heberden, 
will  naturally  follow  *:  “ If  it  be  intended  by 
<!  >his  pradice  (/.  e.  taking  away  blood  from 
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54  the  arm  or  foot)  to  weaken  the  power  of  the 
4t  heart,  and  to  give  the  lips  or  ends  of  the 
“ broken  vefiel  a chance  of  collapfing,  or  of 
“ being  plugged  up  by  means  of  a more  lan- 
“ guid  circulation ; would  riot  all  this  be  as 
“ likely  to  happen  after  the  patient  had  been 
“ equally  weakened  from  the  original  rupture, 
tc  and  in  the  mean  time  he  might  {land  a chance 
“ of  its  flopping  fpontaneoufly,  before  he  was 
<c  reduced  to  that  degree  of  weaknefs  ?”  It  is 
a well  known  fad,  that  if  fainting  comes  on, 
the  adion  of  the  heart,  and  confequently  the 
motion  of  the  blood,  is  for  a fhort  time  fuf- 
pended ; this  is  proved  by  every  day’s  expe- 
rience : and  I fuppofe  few  will  deny,  that  an 
expeditious  evacuation  of  blood  by  a large  ori- 
fice in  the  arm  will  be  more  likely  to  produce 
fainting,  than  the  tedious  dropping  of  the  fame 
quantity  of  blood  from  the  nofe.  If  then  by 
bleeding  in  the  arm  the  adion  of  the  heart  and 
the  motion  of  the  blood  may  for  a time  be  com- 
pletely fufpended,  it  is  real'onable  to  conclude, 
that  though  the  effed  may  not  amount  to 
fainting,  ftill  (as  has  been  before  fliewn)  the 
momentum  of  the  blood  may  be  reduced  to 
* an/ 
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5ny  degree  by  an  evacuation  from  the  arm,  and 
•with  the  lead  lofs  of  blood  in  point  of  quantity. 
But  the  objedt  in  this  inftance  is  not  only  to 
diminifh  the  momentum  of  the  arterial  blood, 
but  to  preferve  or  reftore  the  equilibrium  of  the 
arterial  l'yflem:  and  as  thedifcharge  of  blood  from 
the  ruptured  velfels  will  have  a contrary  tendency, 
ft  is  evident  that  the  plethoric  date  of  thefe 
veffels  will  be  more  effectually  corredted  by  adif- 
charge  of  any  given  quantity  of  blood  from  the 
arm  *,  than  by  a much  more  confiderable  quan- 
tity from  the  ruptured  velfels ; and  if,  accord- 
ing to  the  opinion  of  Dr,  Hunter  and  Mr.' 
Hewfon  f,  the  difcharge  is  Hopped  by  the  blood 
coagulating  in  the  lacerated  apertures,  this 
coagulation  will  not  fo  readily  take  place  whilft 
the  blood  is  flowing  through  the  parts*  as  if  the 
neceflary  evacuation  was  made  from  any  other 
veffel. 

Cupping,  and  bleeding  with  leeches,  are 
more  generally  pradtifed  at  this  prefent  time 
than  any  other  kind  of  topical  bleeding.  But 
after  all  the  arguments  I have  heard  urged  on 

F 4 this 

• Callen’s  Pradlice  of  Phyfic,  Vol.  II.  p.  174. 

t Hewfon’s  Experimental  Enquiry,  p.  68. 
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this  fubjed,  and  after  the  moft  attentive  obfei^ 
vation,  I muff  acknowledge  that  I have  nevef 
met  with  a fingle  inftancc  where  the  fuperior 
efficacy  of  either  method  was  decifively  evident. 
I (hall  therefore  proceed  to  deferibe  how  thefe 
two  different  methods  may  be  fuppofed  to  oper- 
ate, in  the  fame  manner,  and  on  fimilar  prin- 
ciples, on  which  I have  attempted  to  explain 
every  other  part  of  this  fubjed. 

• * 

Though  cupping  is  generally  ufed  with  an 
intention  of  more  immediately  evacuating  the 
veffels  of  certain  parts,  when  we  confider  in* 
what  manner  the  arteries  and  veins  are  diftr-4- 
buted  to  the  different  parts  of  the  body,  it  will 
be  impoffible  to  explain  how  cupping  on  the 
fhoulder,  or  on  any  part  of  the  cheft,  ffiould 
more  effedually  corred  the  plethoric  ftate  of 
the  lungs  than  bleeding  in  the  arm.  Indeed 
Huxham  * writes  as  if  he  wiffied  to  recommend 

, l * 

cupping 

» • 

* “ Drawing  of  blood  by  cupping  on  the  Ihouldcrs,  &c. 
may  be  done  with  fafety,  and  frequently  gives  exceeding 
great  relief  in  diforders  of  the  bread,  as  well  as  of  the 
bead,  though  the  reafons  may  not  be  very  obvious  and 

aflignable.” 
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Cupping  in  pulmonic  diforders ; but  his  reafonS 
for  preferring  this  method  to  phlebotomy  do 
not  appear  to  depend  on  a fuppofition  that  the 
blood  that  is  evacuated  by  cupping  comes  more 
immediately  from  the  part  affected,  but  from 
an  opinion  that  the  lofs  of  blood  by  cupping 
will  not  debilitate  fo  much  as  if  the  fame  quan- 
tity was  taken  from  the  arm.  There  is  no 
doubt  but  his  opinion  was  founded  on  what  he 
had  repeatedly  obferved  in  praftice,  and  is  an 
additional  proof  of  what  has  been  before  ob- 
ferved, that  the  immediate  effects  of  an  evacu- 
ation  of  a certain  quantity  of  blood  will  depend 
in  a confiderable  degree  on  the  expedition  with 
which  the  evacuation  is  made : and  for  this 
very  reafon,  bleeding  in  the  arm  will  always 
prove  preferable  when  a lofs  of  blood  is  necef-i 
fary.  The  veffels  that  are  divided  by  the  fcari- 

ficator 

affignable.” — Huxham  on  Fevers,  p.  197. — And  p.  212. 
<(  When  I was  diffident  as  to  bleeding,  I ordered  fcarifica- 
tions  and  cupping  fometime3  with  fuccefs;  though  in  one 
or  two  cafes,  the  cifulion  from  the  fcarification  was  vaftly 
profafe,  and  could  not  be  totally  retrained  till  the  patient 
expired.,r 


* • 

ftcator  are  fo  very  fmalJ,  that  it  would  be 
poffible  to  trace  them  by  the  knife  from  the 
larger  branches;  but  it  is  proved  by  injedtions* 
that  they  are  ramifications  of  the  larger  arteries 
and  veins,  that  convey  the  blood  to  and  from 
the  furface  of  the  body:  but  then  thele  arteries 
bring  the  blood  from  the  heart,  and  the  veins 
return  it  to  the  heart  again ; fo  that  the  evacu- 
ation by  cupping,  in  whatever  part  it  is  per- 
formed, will  only  corredt  the  plethoric  date  of 
the  lungs  or  brain,  in  proportion  to  the  diminu- 
tion of  the  quantity  of  the  whole  mafs  of  blood. 
In  this  operation  the  arteries  and  veins  are  both 
cut  without  diftindtion,  but  the  arteries  will  dif- 
charge  the  greateft  quantity,  for  the  evacuation 
from  the  veins  will  chiefly  depend  upon  the 
influence  of  the  exhaufted  cupping-glafs ; and 
thus  the  courfe  of  the  blood  being  intercepted* 
the  quantity  that  is  taken  away  is  prevented 
returning  by  the  veins  to  the  heart — fo  that  the 
effedts  of  cupping  at  the  time  of  the  operation 
would  be  perfedtly  flmilar  to  the  effedts  of  bleed- 
ing in  the  arm,  if  the  blood  was  difcharged  with 
the  fame  expedition  ; but  the  evacuation  is  fo 
flow,  that  the  impetus  of  the  circulation  cannot 

be 
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be  greatly  influenced  by  the  immediate  effe&s 
of  the  operation,  in  any  other  degree  than  what 
may  be  eftimated  by  the  quantity  taken  away : 
and  thus,  in  proportion  to  the  quantity,  cupping 
will  as  effectually  diminifh  the  plethoric  ftate  of 
the  whole  vafcular  fyftem,  as  any  other  method 
by  which  the  fame  evacuation  is  made  in  the 
fame  fpace  of  time. — But  it  does  not  appear 
reafonable  to  fuppofe  that  cupping  will  prove 
particularly  efficacious  as  a topical  application. 

The  ufe  of  leeches  may  not  improperly  be 
confidered  as  an  inferior  kind  of  cupping ; and 
as  in  this  inftance  the  evacuation  is  alfo  made 
from  the  cutaneous  veffels,  the  effects  will  be 
perfectly  fimilar  in  proportion  to  the  quantity 
of  blood  that  is  taken  away.  But  it  will  be 
equally  difficult  to  explain  how  plethoric  affec- 
tions of  the  brain  can  be  relieved  by  the  appli- 
cation of  leeches  to  the  temples,  as  by  drawing 
off  blood  by  cupping  on  the  fhoulders ; for  tht 
veffels  of  thefe  parts  have  no  immediate  connec- 
tion with  the  veffels  of  the  brain,  except  at  the 
origin  of  the  external  and  internal  branches  of 
the  carotid  artery,  and  if  this  can  occafion  any 

particular 
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particular  effed  on  the  veffels  of  the  brain,  iri 
all  probability  it  will  be  fimilar  to  the  effeds  of 
opening  the  temporal  artery.  But  if  the  quan- 
tity that  is  taken  away  by  leeches  is  fufficient  to 
diminifh  the  tenfion  of  the  whole  vafcular  fyf- 
tem,  then  the  manner  in  which  this  operation 
fucceeds  in  correding  the  plethoric  ftate  of  cer- 
tain parts  may  be  eafily  accounted  for,  without 
having  recourfe  to  the  inexplicable  dodrine  of 
topical  bleeding-,  and  if  the  quantity  is  fo  in- 
con  fiderable  that  no  fuch  effed  can  reafonably 
be  expeded,  in  fuch  inftances  it  is  moft  pro- 
bable that  the  effeds  which  are  attributed  to  the 
evacuation  depend  on  fome  other  caufe:  for 
when  a number  of  remedies  are  ufed  at  the 
fame  time,  it  is  difficult  to  afcertain  the  powers 
of  any  one  of  them  feparately.  I have  been 
more  careful  and  fcrupulous  in  forming  thefe 
opinions,  as  I know  this  is  a method  of  pradice 

v v 

which  has  a great  number  of  advocates  j and1 

/ 

that  I might  not  be  deprived  of  the  affiftance  of  - 
a remedy  that  is  fo  generally  approved,  I have  not 
only  frequently  direded  the  ufe  of  leeches,  but 
have  repeatedly  attended  to  the  whole  procefs 
with  the  utmoft  diligence  and  circumfpedion, 

and 


t 
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and  I mud  acknowledge  that  I never  met  with 
a fingle  circumftance  that  appeared  decifively 
favourable  to  the  general  opinion.  But  as  this 
operation  may  at  lead  be  confidered  as  perfectly 
innocent,  in  opposition  to  what  has  been  ad- 
vanced it  may  be  urged,  that  if  it  does  no  good, 
it  will  do  no  harm;  and  indeed  this  at  firft  view 
may  appear  plaufible  on  Some  trifling  occafions, 
where  the  difeafe  is  cured  more  bv  the  effedts  that 
are  produced  on  the  mind  than  on  the  body.  But 
if  in  cafes  (fuppofe  of  apoplexy)  where  a part  or 
the  whole  of  the  vafcular  fyftem  is  in  that  date, 
that,  without  proper  evacuations,  the  powers 
of  the  animal  machine  cannot  be  long  pre- 
served ; if,  in  fueh  a cafe,  an  evacuation  by 
means  of  leeches  is  depended  on,  and  is  inade- 
quate to  the  purpofe,  and  if  at  the  fame  time  a 
certain  quantity  taken  from  the  arm  would  prove 
Sufficient,  the  poffibility  of  which  I think  ap-* 
pears  evident  from  the  preceding  arguments, 
then  the  different  confequences  of  the  different 
decifions  of  the  point  in  queftion  will  only  be 
|ife  or  death. 

, F I N I $« 

errata. 

T.  t.  line  8,  for  was  a fubjefl,  read  were  Jubjcft. 

V-  sj.  line  7»  for  frofo/ttion,  read {uppofum. 
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